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(54) COMPLETE EMPTY VIRAL PARTICLES OF INFECTIOUS BURSAL DISEASE VIRUS (IBDV), 
PRODUCTION METHOD THEREOF AND APPLICATIONS OF SAME 



(57) The whole empty viral particles of the Infectious 
bursal disease virus (IBDV) inducer contain all the anti- 
genically relevant protein components in the determining 
IBDV virions and can be obtained by means of genetic 
engineering in suitable expression systems. Said cap- 



sids are useful in the production of vaccines against the 
avian disease called infectious bursal disease caused by 
IBDV and in the manufacture of gene therapy vectors. 
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Description 

FIELD OF THE INVENTION 

[0001] The invention is related to whole empty viral particles of the infectious bursal disease virus (IBDV), with immu- 
nogenic activity against IBDV, their production by means of genetic engineering and applications thereof, particularly in 
the production of animal health vaccines, for example, in the manufacture of vaccines against the avian disease called 
infectious bursal disease caused by IBDV and in the manufacture of gene therapy vectors, 

BACKGROUND OF THE INVENTION 

[0002] During the last four decades of the 20 th century, the appearance and global spreading of an avian disease 
called infectious bursal disease (IBD) occurred. IBD is characterized by the destruction of pre-B lymphocyte populations 
residing in the bursa of Fabricius of infected animals (Sharma JM et al. 2000. Infectious bursal disease virus of chickens: 
pathogenesis and immunosuppression. Dev Comp Immunol. 24:223-35). This disease is caused by the infectious bursal 
disease virus (IBDV) belonging to the Bimaviridae family (Leong JC et al. 2000. Virus Taxonomy Seventh Report of 
International Committee on Taxonomy of Viruses. Academic Press, San Diego, CA). In spite of the implementation of 
intensive vaccination programs, based on the use of combinations of live and inactivated vaccines, outbreaks of IBD 
are still reported in all chicken meat-producing countries (van den Berg TP et al. 2000. infectious bursal disease (Gumboro 
disease). Rev Sci Tech. 1 9:509-43). 

[0003] The virions of the infectious bursal virus lack a lipid envelope, have an icosahedral structure (symmetry T-13) 
and have a diameter of 65-70 nm (Bottcher B. et al. 1 997. Three-dimensional structure of infectious bursal disease virus 
determined by electron cryomicroscopy. J Virol. 71:325-30; Cast6n JR et al., 2001. C terminus of infectious bursal 
disease virus major capsid protein VP2 is involved in definition of the t number for capsid assembly. J Virol. 75: 1 081 5-28). 
The capsid is formed by a single protein layer containing four different polypeptides called VPX, VP2, VP3 and VP1, 
respectively. The VPX, VP2 and VP3 proteins are produced by means of proteolytic processing of a precursor, referred 
to as viral polyprotein, encoded by genomic segment A. The VP1. protein is produced by means of expression of the 
corresponding gene encoded by segment B. 

[0004] The viral polyprotein, synthesized as a precursor of 109 kDa, is processed cotranslationally, giving rise to the 
formation of three polypeptides referred to as VPX, VP3 and VP4. VP4 is responsible for this processing (Birghan C. et 
al. 2000. A non-canonical Ion proteinase lacking the ATPase domain employs the Ser-Lys catalytic dyad to exercise 
broad control over the life cycle of a double-stranded RNA virus. Embo J. 1 9:1 14-23). VP3 is a polypeptide of 29 kDa 
forming trimeric subunits coating the inner layer of the capsid. VPX (also known as pVP2) undergoes a second proteolytic 
processing giving way to the mature form of the protein called VP2. The outer surface of the virions is formed by trimeric 
subunits constituted of a variable ratio of VPX and VP2 (Chevalier C et al. 2002. The maturation process of pVP2 requires 
assembly of infectious bursal disease virus capsids. J Virol. 76:2384-92; Lombardo E et al. 1999. VP1, the putative 
RNA-dependent RNA polymerase of infectious bursal disease virus, forms complexes with the capsid protein VP3, 
leading to efficient encapsidation into virus-like particles. J Virol. 73:6973-83). It has been suggested that the conversion 
of VPX to VP2 is associated with the formation of mature capsids (Chevalier C et al. 2002. The maturation process of 
pVP2 requires assembly of infectious bursal disease virus capsids. J Virol. 76:2384-92; Martfnez-Torrecuadrada JL 
2000. Different architectures in the assembly of infectious bursal disease virus capsid proteins expressed in insect cells. 
Virology. 278:322-31). The polyprotein proteolytic processing sites have been characterized (Da Costa B et al. 2002. 
The capsid of infectious bursal disease virus contains several small peptides arising from the maturation process of 
pVP2. J Virol. 76:2393-402; Sanchez AB & Rodriguez JF. 1 999. Proteolytic processing in infectious bursal disease virus: 
identification of the polyprotein cleavage sites by site-directed mutagenesis. Virology. 262:190-9), which allows for a 
reliable expression of the polypeptides of the capsid. The viral RNA-dependent RNA polymerase (RdRp) viral, called 
VP1 , interacts with the VP3 protein, giving rise to a complex facilitating its encapsidation (Lombardo E ct al. 1 999. VP1 , 
the putative RNA-dependent RNA polymerase of infectious bursal disease virus, forms complexes with the capsid protein 
VP3, leading to efficient encapsidation into virus-like particles. J Virol. 73:6973-83; Tacken M et al. 2000. Interactions 
in vivo between the proteins of infectious bursal disease virus: capsid protein VP3 interacts with the RNA-dependent 
RNA polymerase, VP1 . J Gen Virol. 81 Pt 1 :209-1 8). The domain of the protein VP3 responsible for this interaction is 
located in its 1 6 C-terminal residues (Maraver A et al. Identification and molecular characterization of the RNA polymer- 
ase-binding motif of the inner capsid protein VP3 of infectious bursal disease virus. J. Virol. 77:2459-2468). The protein 
VP3 interacts with RNA unspecifically. This reaction does not require the existence of specific sequences in the RNA 
molecule (Kochan G et al. 2003. Characterization of the RNA binding activity of VP3, a major structural protein of IBDV. 
Archives of Virology 148:723-744). As with that observed with other internal capsid proteins of other viruses, it seems 
likely, that VP3 stabilizes the genomic RNA in the viral particle. 

[0005] Conventional vaccines used for controlling infectious bursal disease are based on the use of strains, with 



EP1 621 612 A1 



different degrees of virulence, of the IBDV itself grown in cell culture or in embryonated eggs. The extracts containing 
the infectious material are subjected to chemical inactivation processes to produce inactivated vaccines, or else are 
used directly to produce live attenuated vaccines (Sharma JM et al. 2000. Infectious bursal disease virus of chickens: 
pathogenesis and immunosuppression. Developmental and Comparative Immunology 24:223-235; van den Berg TP et 
al. 2000. Rev Sci Tech 2000, 19:509-543). This latter type of vaccines has the typical drawbacks associated with the 
use of live attenuated vaccines, specifically, the risk of mutations reverting the virulence of the virus or making it lose 
its immunogenicity. 

[0006] Recombinant subunit vaccines containing the IBDV protein VP2 expressed in several expression systems, for 
example, bacteria, yeasts or baculovirus, usually in fusion protein form, have been disclosed. The results obtained in 
chicken immunization tests with said vaccines have not been completely satisfactory. 

[0007] Empty viral capsids or virus-like particles (VLPs,) constitute an alternative to the use of live attenuated vaccines 
and of recombinant subunit vaccines. VLPs are obtained by self-assembly of the subunits constituting the viral capsid 
and mimicking the structure and antigenic properties of the native virion, even thought they lack genetic material, as a 
result of which they are incapable of replicating themselves. Apart from their application for vaccination purposes, VLPs 
can be used as vectors of molecules of biological interest, for example, nucleic acids, peptides or proteins. By way of 
illustration, parvovirus VLPs (US 6,458,362) or human immunodeficiency virus (HIV) VLPs (US 6,602,705), can be 
mentioned. 

[0008] Morphogenesis is a vital process for the viral cycle requiring successive steps associated to modifications in 
the polypeptide precursors. As a result, viruses have developed strategies allowing the sequential and correct interaction 
between each one of its components. One of these strategies, frequently used by icosahedral viruses, is the use of 
polypeptides coming from a single polyprotein as the base of its structural components. In these cases, the suitable 
proteolytic processing of said polyprotein plays a crucial role in the assembly process. 

[0009] The production of several IBDV VLPs by means of expression of the viral polyprotein using different expression 
systems have been disclosed. In 1997, Vakharia disclosed for the first time, obtainment of IBDV VLPs in insect cells 
(Vakharia, V. N. 1997. Development of recombinant vaccines against infectious bursal disease. Biotechnology Annual 
Review 3:151 -68). Later, in 1 998, the research group to which the inventors belonged proved the possibility of obtaining 
IBDV VLPs in mammal cells (Fernandez- Arias A et al. 1998. Expression of ORF A1 of infectious bursal disease virus 
results in the formation of virus-like particles, J. Gen. Virol. 79:1047-54). In 1999, an article was published disclosing 
the obtaining of IBDV VLPs in insect cells by another research group (Kibenge FS et al. 1999. Formation of virus-like 
particles when the polyprotein gene (segment A) of infectious bursal disease virus is expressed in insect cells. Can J 
Vet Res 63:49-55). A subsequent study, published by the laboratory to which the inventors belong, in collaboration with 
INGEN ASA S.A., proved that the morphogenesis of IBDV VLPs in insect cells infected with recombinant baculoviruses 
expressing the IBDV polyprotein is very ineffective and leads to the major accumulation of abnormal tubular structures 
(Martfnez-Torrecuadrada JL et al. 2000. Different architectures in the assembly of infectious bursal disease virus capsid 
proteins expressed in insect cells. Virology 278:322-331). These results were subsequently corroborated (Chevalier C 
ct al. 2002. The maturation process of pVP2 requires assembly of infectious bursal disease virus capsids. J. Virol. 
76:2384-92). In that same article, that group of researchers proved the possibility of obtaining an efficient morphogenesis 
by means of the expression of a chimeric polyprotein formed by the fusion of the open reading frame (ORF) corresponding 
to the green fluorescent protein (GFP) and to 3' end of the open reading phase of the IBDV polyprotein. The expression 
of this chimeric polyprotein leads to the formation of recombinant IBDV VLPs, containing in their interior a VP3-GFP 
recombinant fusion protein, different from the one present in the IBDV virions. On the other hand, the results disclosed 
in this latter research project do not provide information concerning the mechanism responsible for the ineffectiveness 
of the morphogenetic process of the IBDV VLPs in insect cells. 

[0010] It is important to stress that all the VLPs disclosed previously lack the VP1 protein, which is present in the IBDV 
virions. The only reference to the obtaining of IBDV VLPs including VP1 have been carried out by researches of the 
laboratory that the inventors belong to (Lombardo E et al. 1 999. VP1 , the putative RNA-dependent RNA polymerase of 
infectious bursal disease virus, forms complexes with the capsid protein VP3, leading to efficient encapsidation into 
virus-like particles. J. Virol. 73:6973-83), using the vaccine virus as the vector, which prevents the possible use of said 
VLPs for vaccination purposes. 

[001 1 ] The different processes of producing IBDV VLPs previously described suffer from different defects reducing 
or preventing their applicability for the generation of vaccines against IBDV, given that: 

i) the production of IBDV VLPs in mammal cells is based on the use of recombinants of the vaccine virus; however, 
that production system has a very high cost and, as it uses a recombinant virus capable of infecting both mammals 
and birds, it does not meet the biosafety conditions necessary for its use as a vaccine; 

ii) the production of IBDV VLPs in insect cells using conventional expression systems, i.e. recombinant baculoviruses 
only expressing the viral polyprotein, is very inefficient, leading to practically no production of VLPs; 

iii) the production of IBDV VLPs in insect cells by means of the expression of a chimeric polyprotein (formed by the 
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fusion of the ORF corresponding to the GFP at the 3' end of the ORF corresponding to the IBDV polyprotein) results 
in the production of IBDV VLPs containing a fusion protein VP3-GFP, which introduces a protein clement not present 
in IBDV virions, of unknown effect and of doubtful applicability in the chicken food chain for human consumption, and 
iv) none of the systems described above for the production of IBDV VLPs based on the use of recombinant bacu- 
loviruses allows for obtaining IBDV VLPs containing all the antigens present in the IBDV virions. 

SUMMARY OF THE INVENTION 

[0012] The invention generally is aimed at the problem of providing new effective and safe vaccines against the 
infectious bursal disease virus (IBDV). 

[001 3] The solution provided by this invention is based on it being possible to obtain IBDV VLPs correctly assembled 
by means of the simultaneous expression of the viral polyprotein and the IBDV VP1 protein from two independent open 
reading frames (ORFs) in suitable host cells. In a particular embodiment, the expression of said ORFs is controlled by 
different promoters. Said IBDV VLPs are formed by auto-assembly of the IBDV VPX, VP2, VP3 and VP1 proteins, 
whereby they contain all the antigenically relevant protein elements present in the purified and infective IBDV virions 
and, for this reason, are called "whole IBDV VLPs" in this description. Given that said whole (complete) IBDV VLPs 
contain all the antigenically relevant protein elements present in the purified and infective virions of IBDV so as to induce 
an immunogenic or antigenic response, said whole IBDV VLPs can be used for therapeutic purposes, for example, in 
the development of vaccines, such as vaccines for protecting birds from the infection caused by IBDV or in the devel- 
opment of gene therapy vectors; for diagnostic purposes, etc. 

[0014] The obtained results clearly show that: (i) IBDV VP3 protein, expressed in insect cells from the expression of 
the viral polyprotein, undergo a proteolytic processing eliminating the last 13 amino acid residues from its C-terminal 
end; (ii) the resulting VP3 protein (called VP3T) is incapable of forming oligomers, which produces a virtually complete 
blocking of the morphogenetic process inducing virtually no production of VLPs; and (iii) the association of the VP3 
protein with the VP1 protein protects the first one (VP3) against the proteolytic processing. 

[001 5] These results have allowed for designing a new strategy or process for the efficient production of whole IBDV 
VLPs and which, unlike the previously described methods, have an effective morphogenesis while at the same time the 
presence therein of heterologous protein elements inexistent in purified viral particles is prevented. This strategy is based 
on the use of a gene expression vector or system allowing the coexpression of the viral polyprotein and of the VP1 
protein as independent ORFs, which assures the presence of the viral polyprotein and of the IBDV VP1 protein during 
the assembly process of the whole IBDV VLPs. Underthese conditions, the VP3 and VP1 proteins form stable complexes 
hindering the proteolytic degradation of VP3, assuring its proper functioning, and leading to the incorporation of VP1 in 
the IBDV VLPs. 

[001 6] In a particular embodiment, said gene expression system is based on the use of a dual recombinant baculovirus 
simultaneously expressing the viral polyprotein and the IBDV VP1 protein from two independent ORFs controlled by 
different promoters. In another particular embodiment, said whole IBDV VLPs are obtained as a result of the coinf ection 
of host cells, such as insect cells, with two recombinant baculoviruses, one of them capable to express the viral polyprotein 
and the other one, the IBDV VP1 protein. 

[0017] The vaccines obtained by using said whole IBDV VLPs have a number of advantages since it prevents the 
handling of highly infectious material, it prevents the potential risk of the occurrence of new IBDV mutants, and eliminates 
the use of a live virus on poultry farms, thus preventing the risk of spreading IBDV vaccine strains to the environment. 
[0018] Consequently, one aspect of the present invention is related to a whole IBDV VLP made up by assembly of 
the IBDV PVX, VP2, VP3 and VP1 proteins. Said whole IBDV VLP has antigenic or immunogenic activity against the 
infection caused by IBDV. 

[001 9] A further aspect of this invention is related to a process for the production of said whole IBDV VLPs provided 
by this invention, based on the gene coexpression of the viral polyprotein and of the IBDV VP1 as two independent 
ORFs in suitable host cells. In a particular embodiment, the expression of said ORFs is controlled by different promoters. 
[0020] The gene constructs, expression systems and host cells developed for the implementation of said production 
process of said whole IBDV VLPs, as well as their use for the production of said whole IBDV VLPs, constitute further 
aspects of the present invention. 

[0021] Said whole IBDV VLPs have the ability to immunize animals, particularly, birds, against the avian disease 
caused by IBDV, as well as the ability to vectorize or incorporate into vehicles molecules of biological interest, for example, 
polypeptides, proteins, nucleic acids, etc. In a particular embodiment, said whole IBDV VLPs can be used in the devel- 
opment of vaccines to protect birds against the virus causing the avian disease known as infectious bursal disease 
(IBDV). Virtually any bird, preferably those avian species of economic interest, for example, chickens, turkeys, ganders, 
geese, pheasants, partridges, ostriches, etc., can be immunized against the infection caused by IBDV with the vaccines 
provided by this invention. In another particular embodiment, said whole IBDV VLPs can internally incorporate into 
vehicles products with biological activity, for example, nucleic acids, peptides, proteins, drugs, etc., whereby they can 



EP1 621 612 A1 



be used in the manufacture of gene therapy vectors. 

[0022] Therefore, in a further aspect, the present invention is related to the use of said whole IBDV VLPs in the 
manufacture of medicaments, such as vaccines and gene therapy vectors. Said vaccines and vectors constitute further 
aspects of the present invention. In a particular embodiment, said vaccine is a vaccine useful for protecting birds from 
the infection caused by IBDV. In a specific embodiment, said birds are selected from the group formed by chickens, 
turkeys, ganders, geese, pheasants, partridges, ostriches, preferably chickens. 

[0023] In another aspect, the invention is related to a process for the production of recombinant baculoviruses useful 
for the production of whole IBDV VLPs. In a particular embodiment, the recombinant obtained baculoviruses are dual, 
i.e. the same recombinant baculovirus is able to express in suitable host cells the viral polyprotein and the IBDV VP1 
protein from two ORFs, independent and controlled by promoters of different baculoviruses. In another particular em- 
bodiment, recombinant baculoviruses are obtained which are able to express in suitable host cells the viral polyprotein 
from a nucleic acid sequence comprising the ORFs corresponding to the IBDV polyprotein underthe control of a promoter, 
and recombinant baculoviruses able to express in suitable host cells the IBDV VP1 protein from a nucleic acid sequence 
comprising the ORF corresponding to the IBDV VP1 under the control of a promoter, the same as or different from the 
one controlling the expression of the viral polyprotein in said recombinant baculoviruses able to express the viral poly- 
protein. The resulting recombinant baculoviruses constitute a further aspect of the present invention. Said rBVs can be 
used for the production of whole IBDV VLPs. 

BRIEF DESCRIPTION OF THE FIGURES 

[0024] 

Figure 1 shows the effect of the C-terminal deletion of the IBDV VP3 in the morphogenesis of VLPs. Figure 1 A 
shows a diagram which graphically represents the genes derived from IBDV expressed by the different recombinants 
of the vaccine virus [VT7/Poly (Poly), disclosed by Fernandez-Arias etal. (Fernandez-Arias A etal. 1998. Expression 
ofORFAl of infectious bursal disease virus results in the formation of virus-like particles. J. Gen. Virol. 79:1047-1054), 
VT7/PolyA907-1 01 2 (PolyA907-1 01 2) and VT7/VP3 (VP3)] usedforcheckingthe effect of the C-terminai end deletion 
of VP3 in the formation of IBDV VLPs in mammal cells. VT7/Poly (Poly) expresses the whole polyprotein. 
VT7/PoIyA907-1012 (PolyA907-1012) expresses a deleted form of the polyprotein lacking the 150 C-terminal resi- 
dues. VT7/VP3 (VP3) expresses the whole VP3 polyprotein. Figure 1B illustrates the effect of the deletion of the 
C-terminal end of the IBDV polyprotein on the subcellular distribution of the VPX (pVP2) and VP2 proteins, and 
includes digital confocal microscopy images obtained from infected cells with the recombinants VT7/Poly (Poly), 
VT7/PolyA907-1012 (PolyA907-1012) and VT7/VP3 (VP3), respectively. The cells were fixed at 24 hours post-in- 
fection (h.p.i.) and incubated with anti- IBDV VPX/2 (anti-pVP2A/P2) rabbit serum and with anti- IBDV VP3 rat serum, 
followed by incubation with anti-rabbit IgG goat immunoglobulin coupled to Alexa 488 (green) and with anti-rat IgG 
goat immunoglobulin coupled to Alexa 488 (red). Figure IC shows the effect of the deletion of the C-terminal end of 
the IBDV polyprotein on the assembly of the capsids; cell extracts infected with VT7/Poly (Poly), VT7/PolyA907-1 012 
(PolyA907-1012) or coinfected with VT7/PolyA907-1012 (PolyA907-1012) and VT7A/P3 (VP3) were subjected to 
fractioning on sucrose gradient. An aliquot of each one of the fractions was placed on an electron microscopy grid, 
negatively stained and viewed by means of electron microscopy. The images represent the assemblies detected in 
equivalent fractions of the different gradients. . 

Figure 2 shows the results of a comparative analysis by means of Western blot of the IBDV VP3 protein expressed 
in different expression systems; ceil extracts infected with IBDV, VT7/Poly and FB/Poly, respectively, were subjected 
to sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) and Western blot analysis using anti-IBDV 
VP3 rabbit serum, followed by incubation with goat immunoglobulin coupled to peroxidase (HRPO: horse radish 
peroxidase). The signal was detected by means of ECL (Enhanced Chemiolumineseence). The position of the 
immunoreactive bands and those of the molecular weight markers arc indicated. 

Figure 3 shows the characterization of C-terminal proteolysis of the IBDV VP3 protein expressed in insect cells. 
Figure 1 A shows a diagram graphically representing the his-VP3 gene containing a histidine tag fused to the M-ter- 
minal end of VP3 expressed by the recombinant baculovirus FB/his-VP3 [occasionally called in this description 
FB/his-VP3 wt (wild type)]. The sequence corresponding to the histidine tag and the first amino acid residue corre- 
sponding to VP3 (underlined) is indicated. Samples corresponding to whole H5cell extracts (GIBCO), also identified 
in this description as H5 cells, infected with FB/his-VP3, or to the his-VP3 protein purified by affinity were subjected 
to SDS-PAGE and Western blot analysis using anti-VP3 rabbit serum (Figure 1 B) or anti-histidine tag (anti-his tag) 
(Figure 1C) followed by incubation with goat immunoglobulin coupled to peroxidase. The signal was detected by 
means of ECL. The position of the immunoreactive bands and those of the molecular weight markers are indicated. 
Figure 4 shows the location of the proteolytic cutting site of the IBDV VP3 protein in insect cells. Figure 1 A is a 
diagram graphically representing the group of deleted his-VP3 proteins used in the determination of the position of 
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the proteolytic cutting site of the IBDV VP3 protein in insect cells. Figure 1B shows the result of a Western blot 
analysis of the different deleted his-VP3 proteins expressed in H5 cells and purified by immobilized metal affinity 
chromatography (IMAC). H5 cell culture extracts infected with each one of the recombinant baculoviruses were 
subjected to purification in HiTrap affinity columns (Amersham Pharmacia Biotech). The purified proteins were 
subjected to SDS-PAGE and Western blot analysis using anti-VP3 rabbit serum, followed by incubation with goat 
immunoglobulin coupled to peroxidase. The signal was detected by means of ECL The position of the immunore- 
active bands and those of the molecular weight markers are indicated. The arrows indicate the position of the whole 
protein (F) and the one corresponding to the proteolyzed form (T). 

Figure 5 illustrates that the proteolytic processing of IBDV VP3 in insect cells causes the elimination of a peptide of 
1 .560 Da from the C-terminal end of his-VP3. H5 cell extracts infected with FB/his-VP3 were subjected to purification 
by means of IMAC and the resulting purified protein was analyzed by means of mass spectrophotometry in triplicate. 
Figure 5A shows the results of one of these experiments. The presence of two polypeptides of 32.004 and 30.444 
Da, respectively, was determined, which proves that the proteolytic processing produces the elimination of a peptide 
of 1 .560 Da from the C-terminal end of his-VP3, size which fits with the molecular mass (1 .576 Da) corresponding 
to the 13 C-terminal residues oflBDV VP3, the sequence of which is shown in Figure 5B. 
Figure 6 shows the effect of the coexpression of IBDV VP1 on the proteolysis of his-VP3. Figure 6A shows the 
detection of VP3/VP1 complexes. H5 cells were infected with FB/his-VP3 or with FBD/his-VP3-VP1 . At 72 h.p.i., 
the cells were harvested and the corresponding extracts subjected to purification in HiTrap affinity columns (Amer- 
sham Pharmacia Biotech). Samples corresponding to total extracts (T) or to purified proteins were subjected to 
SDS-PAGE. The gels were subsequently stained with silver nitrate. The position of the molecular weight markers 
is indicated. Figure 6B shows the results of a Western blot analysis of extracts of H5 cells infected with FB/his-VP3, 
FBD/his-VP3-VP1, or coinfected with FB/his-VP3 and FBA/P1 , respectively. The infected cells were harvested at 
72 h.p.i. and homogenized. The corresponding extracts were subjected to SDS-PAGE and Western blot analysis 
using anti-VP3 rabbit serum, followed by incubation with goat immunoglobulin coupled to peroxidase. The signal 
was detected by means of ECL. The position of the molecular weight markers is indicated. 
Figure 7 shows the location of the oligomerization domain. Figure 7A is a diagram graphically representing the group 
of deleted his-VP3 proteins used in the determination of the VP3 oligomerization domain position. The deleted 
regions are indicated with the dotted line. The name of each mutant indicates the location of eliminated amino acid 
remains in the sequence of the IBDV VP3 protein. Figure 7B shows the detection of VP3 oligomers. The different 
his-VP3 deletion proteins, purified by HiTrap affinity columns (Amersham Pharmacia Biotech), were subjected to 
SDS-PAGE and Western blot analysis using anti-VP3 rabbit serum, followed by incubation with goat immunoglobulin 
coupled to peroxidase. Figure 1 C shows the results of a Western blot analysis. The samples described in the previous 
paragraph (Figure 7B) were subjected to non-denaturing electrophoresis followed by Western blot analysis using 
anti-VP3 rabbit scrum, followed by incubation with goat immunoglobulin coupled to peroxidase. Figure 7D shows 
the detection of VP3 oligomers produced by VP3 C-terminal deletion mutants. The purified proteins were subjected 
to SDS-PAGE and Western blot analysis using anti-VP3 rabbit serum, followed by incubation with goat immunoglob- 
ulin coupled to peroxidase. The signal was detected by means of ECL The position of the molecular weight markers 
is indicated. 

Figure 8 shows the determination of the effect of the coexpression of IBDV VP1 on the proteolytic processing of 
IBDV VP3 and the subcellular distribution of the proteins of the capsid. Figure 8A illustrates the detection of the 
IBDV VP1 and VP3 proteins accumulated in H5 cells infected with FB/Poly and FBD/Poly-VP1 , respectively. Infected 
cells were harvested at 24, 48 and 72 h.p.i. The samples were subjected to SDS-PAGE and Western blot analysis 
using anti-VP3 or anti-VP1 rabbit serum, followed by incubation with goat immunoglobulin coupled to peroxidase. 
The position of the molecular weight markers is indicated. The subcellular distribution of the VPX/2 (pVP2/VP2) and 
VP3 proteins in cells infected with FB/Poly and FBD/Poly-VP1 was analyzed by confocal microscopy (Figure 8B). 
The cells were fixed at 60 h.p.i., and then incubated with anti-VPX rabbit serum (anti-pVP2) and anti-VP3 rat scrum 
followed by incubation with anti-rabbit IgG goat immunoglobulin coupled to Alexa 488 (green) and with anti-rat IgG 
goat immunoglobulin coupled to Alexa 488 (red). The arrows indicate the position of the viroplasms formed by VPX/2 
(pVP2/VP2) and VP3. 

Figure 9 illustrates the characterization of the structures formed by expression of the IBDV polyprotein in ceils 
infected with FB/Poly-VP1 . Figure 9A shows a set of micrographs of the structures obtained in the different fractions. 
H5 cells were infected with FB/Poly (Poly) or with FBD/Poly-VP1 (Poly-VP1). The cells were harvested at 90 h.p.i. 
and the corresponding extracts were used for the purification of structures by means of sucrose gradients. After 
centrifugation, 6 aliquots of 2 ml were taken. One part of the aliquot was placed on a grid, negatively stained with 
uranyl acetate, and analyzed by means of observation in the electron microscope. Fractions #1 correspond to the 
bottom of the gradients. Fractions #6, which contained soluble protein and de-assembled structures, are not shown. 
Die bar corresponding to 200 nm. Figure 9B is a micrograph showing purified VLPs from cells infected with FBD/Po- 
ly-VP1 . The image corresponds to fraction #5 of the gradient obtained from ceils infected with FBD/Poly-VP1 . The 
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enlarged boxes show 2 VLPs at a larger amplification. Figure 9C shows the characterization of the polypeptides 
present in fraction #5 of both gradients. An aliquot of fraction #5 of each gradient was subjected to SDS-PAGE and 
Western blot analysis using anti-VP1, anti-VPX.(anti-pVP2A/P2) or anti-VP3 rabbit scrum, followed by incubation 
with goat immunoglobulin coupled to peroxidase. The position of VPX (pVP2), VP2, whole VP3 (F) and proteolyzed 
VP3 (T) is shown. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] In a first aspect, the invention provides a whole empty viral capsid of the infectious bursal disease virus (IBDV), 
hereinafter whole IBDV VLP (whole VLPs in plural form) of the invention, characterized in that it contains all the proteins 
present in purified and infective IBDV virions, specifically the IBDV VPX, VP2, VP3 and VP1 proteins. 
[0026] The term "IBDV", as it is used in the present invention, refers to the different IBDV strains belonging to any of 
the serotypes (1 or 2) known [by way of illustration, see the review carried out by van den Berg TP, Eterradossi N, Toquin 
D, Meulemans G, in RevSci Tech 2000 19:509-43]. 

[0027] The terms "viral polyprotein" or "IBDV polyprotein" are indistinctly used in this description and refer to the 
product resulting from the expression of the A segment of the IBDV genome the proteolytic processing of which gives 
rise to the VPX (pVP2), VP3 and VP4 proteins, and include the different forms of the polyproteins representative of any 
of the mentioned IBDV strains [NCBI protein databank], according to the definition carried out by Sanchez and Rodriguez 
(1999) (Sanchez AB & Rodriguez JF. Proteolytic processing in infectious bursal disease virus: identification of the 
polyprotein cleavage sites by site-directed mutagenesis. Virology. 1999 Sep 15; 262(1): 190-1 99), as well as proteins 
substantially homologous to said IBDV polyprotein, i.e. proteins the amino acid sequences of which have a degree of 
identity regarding said IBDV polyprotein of at least 60%, preferably of at least 80%, more preferably of at least 90% and 
even more preferably of at least 95%. 

[0028] The term "IBDV VP1 protein 0 refers to the product resulting from the expression of segment B of the IBDV 
genome and includes the different forms of the VP1 proteins representative of any of the mentioned IBDV strains [NCBI 
protein databank], according to the definition carried out by Lombardo E ct al. 1999. VP1, The putative RNA-dependent 
RNA polymerase of infectious bursal disease virus, forms complexes with the capsid protein VP3, leading to efficient 
encapsidation into virus-like particles. J. Virol. 73:6973-83) as well as proteins substantially homologous to said IBDV 
VP1 protein, i.e. proteins the amino acid sequences of which have a degree of identity regarding said IBDV VP1 of at 
least 60%, preferably of at least 80%, more preferably of at least 90% and even more preferably of at least 95%. 
[0029] The IBDV VPX (pVP2), VP2 and VP3 proteins present in the whole IBDV VLPs of the invention can be any of 
the VPX, VP2 and VP3 proteins representative of any IBDV strain obtained by proteolytic processing of the viral poly- 
protein, for example the IBDV Soroa strain VPX, VP2 and VP3 proteins [NCBI, access number AAD301 36]. 
[0030] The IBDV VP1 protein present in the whole IBDV VLPs of the invention can be any VP1 protein representative 
of any IBDV strain, for example, the whole length, Soroa strain VP1 protein, the amino acid sequence of which is shown 
in SEQ. ID. NO: 2. 

[0031] In a particular embodiment, the whole IBDV VLPs of the invention have a diameter of 65-70 nm and a polygonal 
contour indistinguishable from the IBDV virions. 

[0032] The whole IBDV VLPs of the invention can be obtained by means of the simultaneous expression of said IBDV 
viral polyprotein and VP1 protein in suitable host cells. Said suitable host cells are cells containing the encoding nucleotide 
sequence of the IBDV polyprotein under the control of a suitable promoter and the encoding nucleotide sequence of the 
IBDV VP1 protein under the control of another suitable promoter, either in a single gene construct or in two different 
gene constructs. In a particular embodiment, said suitable host ceils are cells that are transformed, transfected or infected 
with a suitable expression system, such as (1) an expression system comprising a gene construct, in which said gene 
construct comprises the nucleotide sequence encoding for the IBDV polyprotein under the control of a promoter and the 
encoding nucleotide sequence of the IBDV VP1 protein under the control of another promoter different from the one 
which is operatively bound to the nucleotide sequence encoding the viral polyprotein, or, alternatively, (2) an expression 
system comprising a first gene construct comprising the nucleotide sequence encoding for the IBDV polyprotein, and a 
second gene construct comprising the nucleotide sequence encoding forthe IBDV VP1 protein, each one of them under 
the control of a suitable promoter. In a particular embodiment, said host cell is an insect cell and said promoters are 
baculovirus promoters. 

[0033] Therefore, in another aspect, the invention is related to a gene construct comprising the nucleotide sequence 
encoding for said IBDV polyprotein and the nucleotide sequence encoding for said IBDV VP1 protein, in the form of two 
independent ORFs, the expression of which is controlled by respective different promoters controllingthe gene expression 
of each one of said IBDV viral polyprotein and VP1 protein. Therefore, the invention provides a gene construct comprising 
(i) a nucleotide sequence comprising the open reading frames corresponding to the polyprotein of the infectious bursal 
disease virus (IBDV) operatively bound to a nucleotide sequence comprising a first promoter and (ii) a nucleotide se- 
quence comprising the open reading frame corresponding to the TBDV VP1 protein operatively bound to a nucleotide 
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■* sequence comprising a second promoter, in which said first promoter is different from said second promoter. The use 
of said different promoters allows the independent and simultaneous control of the gene expression of said IBDV poly- 
protein and VP1 protein. 

[0034] A feature of the gene construct provided by this invention is that it comprises the nucleotide sequences encoding 
for all the protein elements present in the purified and infective IBDV virions, specifically, the VPX, VP2, VP3 and VP1 
proteins. 

[0035] As it is used in this description, the term "ORFs (or open reading frames) corresponding to the IBDV polyprotein" 
or D ORF (open reading frame) corresponding to the IBDV VP1 protein 0 includes, in addition to the nucleotide sequences 
of said ORFs, other ORFs analogous to the same encoding sequences of the IBDV viral polyprotein and of the IBDV 
VP1. The term "analogous 0 , as it is used herein, intends to include any nucleotide sequence which can be isolated or 
constructed on the base of the encoding nucleotide sequence of the viral polyprotein and the IBDV VP1 , for example, 
by means of the introduction of conservative or non-conservative nucleotide replacements, including the insertion of 
one or more nucleotides, the addition of one or more nucleotides at any end of the molecule, or the deletion of one or 
more nucleotides at any end or inside of the sequence. Generally, a nucleotide sequence analogous to another nucleotide 
sequence is substantially homologous to said nucleotide sequence. In the sense used in this description, the expression 
"substantially homologous 0 means that the nucleotide sequences in question have a degree of identity, at the nucleotide 
level, of at least 60%, advantageously of at least 70%, preferably of at least 80%, more preferably of at least 85%, even 
more preferably of at least 90%, and yet even more preferably of at least 95%. 

[0036] The promoters which can be used in the implementation of the present invention generally comprise a nucleic 
acid sequence to which the RNA polymerase is bound so as to begin the mRNA transcription and to express said ORFs 
corresponding to the viral polyprotein and to the TBDV VP1 protein in suitable host cells. Although virtually any promoter 
meeting these conditions can be used to implement the present invention, for example, promoters of a viral, bacterial, 
yeast, animal, plant origin, etc., in a particular embodiment said promoters are viral promoters, for example, baculovirus 
promoters. 

[0037] The expression of each one of said nucleotide sequence encoding for said viral polyprotein and IBDV VP1 
protein, in the form of two independent ORFs, is controlled by respective different promoters controlling the gene ex- 
pression of each one of said proteins. In a particular embodiment, the gene expression of said viral polyprotein and 
IBDV VP1 protein is carried out in insect cells infected orcoinfected with recombinant baculoviruses (rBVs) containing 
the encoding nucleotide sequences of said proteins, either in a single rBV (dual rBV) or in two rBVs (in which case one 
of said rBVs contains the encoding sequence of the IBDV polyprotein and the other one, the encoding sequence of the 
IBDV VP1 protein) under the control of baculovirus promoters. 

[0038] Virtually any baculovirus promoter can be used as long as it is able to effectively control the expression of the 
encoding sequence to which it is operatively bound. By way of illustration, said first baculovirus promoter can be the 
promoter of the p1 0 protein of the baculovirus Autographs calif omica nucleopolyhedrovirus (AcMNV), the promoter of 
the polyhedrin of the AcMNPV baculovirus, etc. and said second baculovirus promoter can be the promoter of the p10 
protein of AcMNPV and the promoter of the AcMNPV polyhedrin. More specifically, in a particular embodiment, said first 
baculovirus promoter is the promoter of the p1 0 protein of AcMNPV and said second baculovirus promoter is the promoter 
of the AcMNPV polyhedrin, whereas in another particular embodiment, said first baculovirus promoter is the promoter 
of the AcMNPV polyhedrin and said second baculovirus promoter is the promoter of the protein 1 0 of AcMNPV. 
[0039] In a particular embodiment, the gene construct provided by this invention comprises: 

(i) a nucleotide sequence comprising the open reading frames corresponding to the IBDV polyprotein operatively 
bound to a nucleotide sequence comprising a first promoter of a baculovirus, and 

(ii) a nucleotide sequence comprising the ORF corresponding to the IBDV VP1 protein operatively bound to a 
nucleotide sequence comprising a second promoter of a baculovirus, 

wherein said first and second baculovirus promoters are different. 

[0040] The use of different baculovirus promoters allows for the independent and simultaneous control of the gene 
expression of said IBDV polyprotein VP1 protein in insect cells. 

[0041] In a specific embodiment, the gene construct provided by this invention comprises the encoding sequence of 
the IBDV polyprotein under the control of a first baculovirus promoter and the encoding sequence of the IBDV VP1 
protein under the control of a second baculovirus promoter, different from the first one, such as the gene construct 
referred to as "Poly-VPT in this description, comprising the nucleotide sequence identified as SEQ. ID. NO: 1; said 
Poiy-VP1 gene construct contains the encoding sequence of the IBDV polyprotein under the control of the promoter of 
the AcMNV polyhedrin and the encoding sequence of the IBDV VP1 protein under the control of the promoter of the 
AcMNV p10 protein. 

[0042] In another aspect, the invention provides an expression vector or system selected from: 
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a) an expression system comprising a gene construct provided by this invention, operatively bound to transcription, 
and optionally translation, control elements, wherejn said gene construct comprises (i) a nucleotide sequence com- 
prising the ORFs corresponding to the IBDV polyprotein operatively bound to a nucleotide sequence comprising a 
first promoter and (ii) a nucleotide sequence comprising the ORF corresponding to the IBDV VP1 protein operatively 
bound to a nucleotide sequence comprising a second promoter, wherein said first promoter is different from said 
second promoter, and 

b) an expression system comprising (1) a first gene construct, operatively bound to transcription, aad optionally 
translation, control elements, wherein said first gene construct comprises a nucleotide sequence comprising the 
ORFs corresponding to the IBDV polyprotein operatively bound to a nucleotide sequence comprising a first promoter, 
and (2) a second gene construct, operatively bound to transcription, and optionally translation, control elements, 
wherein said second gene construct comprises a nucleotide sequence comprising the ORF corresponding to the 
IBDV VP1 protein operatively bound to a nucleotide sequence comprising a second promoter. 

[0043] In the second case [b)], said first promoter and said second promoter, as they are in different gene constructs, 
can be equal to or different from one another. 

[0044] The features of the ORFs corresponding to the IBDV polyprotein and to the IBDV VP1 protein have previously 
been defined in relation to the gene construct provided by this invention. The promoters which can be used in the 
expression system provided by this invention have been previously defined in relation to the gene construct provided 
by this invention. By way of illustration, said promoters can be prompters of a viral, bacterial, yeast, animal, plant origin, etc. 
[0045] In a particular embodiment, the expression system provided by this invention comprises a gene construct, 
operatively bound to transcription, and optionally translation, control elements, wherein said gene construct comprises 
(i) a nucleotide sequence comprising the ORFs corresponding to the IBDV polyprotein operatively bound to a nucleotide 
sequence comprising a first baculovirus promoter, such as, for example, the promoter of the AcMN V p1 0 protein or the 
promoter of the AcMNV polyhedrin, and (ii) a nucleotide sequence comprising the ORF corresponding to the IBDV VP1 
protein operatively bound to a nucleotide sequence comprising a second baculovirus promoter, such as, for example, 
the promoter of the AcMNV p1 0 protein or the promoter of the AcMNV polyhedrin, wherein said first baculovirus promoter 
is different from said second baculovirus promoter. 

[0046] In another particular embodiment, the expression system provided by this invention comprises (1 ) a first gene 
construct, operatively bound to transcription, and optionally translation, control elements, wherein said first gene construct 
comprises a nucleotide sequence comprising the ORFs corresponding to the IBDV polyprotein operatively bound to a 
nucleotide sequence comprising a first baculovirus promoter, such as, for example, the promoter of the AcMNV p10 
protein or the promoter of the AcMNV polyhedrin, and (2) a second gene construct, operatively bound to transcription, 
and optionally translation, control elements, wherein said second gene construct comprises a nucleotide sequence 
comprising the ORF corresponding to the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a 
second baculovirus promoter, such as, for example, the promoter of the AcMNV p10 protein or the promoter of the 
AcMNV polyhedrin. In this particular embodiment, said first baculovirus promoter and said second baculovirus promoter, 
as they are in different gene constructs, can be equal to or different from one another. 

[0047] The transcription, and optionally translation, control elements present in the expression system provided by 
this invention include the necessary or suitable sequences for the transcription and its suitable control in time and place, 
for example, beginning and termination signals, cleavage sites, polyadenylation signals, replication origin, transcriptional 
activators (enhancers), transcriptional silencers (silencers), etc. 

[0048] Virtually any suitable expression system or vector can be used in the generation of the expression system 
provided by this invention depending on the conditions and requirements of each specific case. By way of illustration, 
said suitable expression systems or vectors can be plasmids, bacmids, yeast artificial chromosomes (YACs), bacteria 
artificial chromosomes (BACs), bacteriophage P1 -based artificial chromosomes (PACs), cosmids, viruses, which can 
further have, if so desired, an origin of heterologous replications, for example, bacterial, so that it may be amplified in 
bacteria or yeasts, as well as a marker usable for selecting the transfected cells, etc., preferably plasmids, bacmids or 
viruses. 

[0049] These expression systems or vectors can be obtained by conventional methods known by persons skilled in 
the art [Sambrook, J., Fritsch, E.F., and Maniatis, T. (1 989). Molecular cloning: a laboratory manual, 2nd ed. Cold Spring 
Harbor Laboratory] and form part of the present invention. In a particular embodiment, said expression system or vector 
is a plasmid, such as the plasmid referred to as pFBD/Poly-VP1 in this description, or a bacmid, such as the recombinant 
bacmid referred to as Bac/pFBD/Poly-VP1 in this description, which contain the previously defined gene construct 
Poly-VP1 , or a virus, such as the recombinant baculovirus (rBV) referred to as FBD/Poly-VP1 in this description, which 
contains the gene construct Poly-VP1 and expresses during its replication cycle both proteins (polyprotein and IBDV 
VP1 protein) simultaneously in insect cells, or the rBVs expressing the IBDV polyprotein and the IBDV VP1 protein, 
seperately and simultaneously, when coinfecting insect cells, whole IBDV VLPs being obtained. 
[0050] In another aspect, the invention provides a host cell containing the encoding nucleotide sequence of the IBDV 
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* polyprotein and the encoding nucleotide sequence of the IBDV VP1 protein, each one of them under the control of a 
suitable promoter allowing the simultaneous and independent control of said IBDV polyprotein and VP1 protein, either 
in a single gene construct (in which case the promoters bound to each one of said encoding sequences would be different 
from one another), or in two different gene constructs. Therefore, said host cell can contain either a gene construct 
5 provided by this invention or an expression system provided by this invention. 

[0051] The host cell provided by this invention can be a host cell transformed, transfected or infected with an expression 
system provided by this invention. 

[0052] In a particular embodiment, the host cell provided by this invention is a host cell transformed, transfected or 
infected with an expression system provided by this invention comprising a gene construct, operatively bound to tran- 
10 scription, and optionally translation, control elements, wherein said gene construct comprises (i) a nucleotide sequence 
comprising the ORFs corresponding to said IBDV polyprotein operatively bound to a nucleotide sequence comprising 
a first promoter and (ii) a nucleotide sequence comprising the open reading frame corresponding to said IBDV VP1 
protein operatively bound to a nucleotide sequence comprising a second promoter, wherein said first promoter is different 
from said second promoter. 

15 [0053] Alternatively, in another particular embodiment, said host cell is a host cell transformed, transfected or infected 
with an expression system provided by this invention comprising (1) a first gene construct, operatively bound to tran- 
scription, and optionally translation, control elements, wherein said first gene construct comprises a nucleotide sequence 
comprising the ORFs corresponding to said IBDV polyprotein operatively bound to a nucleotide sequence comprising 
a first promoter, and (2) a second gene construct, operatively bound to transcription, and optionally translation, control 

20 elements, wherein said second gene construct comprises a nucleotide sequence comprising the ORF corresponding to 
the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a second promoter; in this particular 
embodiment, said first promoter and said second promoter, as they are in different gene constructs, can be equal to or 
different from one another. 

[0054] Although in any of the previously mentioned embodiments, virtually any promoter could be used, it is preferred 
25 in practice that said promoters are useful in bacteria, yeasts, viruses, animal cells, for example, in mammal cells, bird 
cells, insect cells, etc-; in a particular embodiment, said promoters are baculovirus promoters, such as, for example, the 
promoter of the AcMNV polyhedrin or the promoter of the AcMNV p1 0 protein. 

[0055] Virtually any host cell susceptible to being transformed, transfected or infected by an expression system provided 
by this invention can be used, for example, bacteria, mammal cells, bird cells, insect cells, etc. 

30 [0056] in a particular embodiment, said host cell is a bacteria transformed with an expression system provided by this 
invention comprising a gene construct provided by this invention comprising (i) a nucleotide sequence comprising the 
ORFs corresponding to the IBDV polyprotein and (ii) a nucleotide sequence comprising the CRTs Corresponding to the 
IBDV VP1 protein, each one of them operatively bound to a different promoter, such as the gene construct identified as 
Poly-VP1 . A culture of Escherichia co//bacteria strain DH5, transformed with said gene construct Poly-VP1 , and identified 

35 as DH5-pFBD/Poly-VP1 has been deposited in the Spanish Type Culture Collection (hereinafter, CFCT) with deposit 
number CECT 5777. 

[0057] Alternatively, said host cell is an insect cell. Insect cells are suitable when the expression system comprises 
one or more rBVs. The use of rBVs is advantageous due to biosafety issues related to the host range of the baculoviruses, 
incapable of replicating in other cell types which are not insect cells. 

40 [0058] Therefore, in a particular embodiment, the invention provides a host cell, such as an insect cell, infected with 
an expression system provided by this invention, such as a rBV, comprising a gene construct provided by this invention 
comprising (i) a nucleotide sequence comprising the ORFs corresponding to the IBDV polyprotein and (ii) a nucleotide 
sequence comprising the ORF corresponding to the IBDV VP1 protein, each one of them operatively bound to a different 
baculovirus promoter, such as the gene construct identified as Poly-VP1. 

45 [0059] In another particular embodiment, the invention provides host cell, such as an insect cell, coinfected with an 
expression system comprising (1) a first rBV comprising a gene construct comprising the ORFs corresponding to said 
IBDV polyprotein and (2) a second rBV comprising a gene construct comprising the nucleotide sequence comprising 
the ORF corresponding to said IBDV VP1 protein, each one of said encoding sequences being operatively bound to a 
baculovirus promoter, equal to or different from one another. 

so [0060] In another aspect, the invention provides a process for producing whole IBDV VLPs of the invention comprising 
culturing a host cell provided by this invention containing a nucleotide sequence comprising the ORFs corresponding 
to said IBDV polyprotein and a nucleotide sequence comprising the ORF corresponding to said IBDV VP1 protein, either 
in a single gene construct or in two different gene constructs, and simultaneously expressing said viral polyprotein and 
IBDV VP1 protein, and if so desired, recovering said whole IBDV VLPs of the invention. 

55 [0061] In a particular embodiment, said host cell provided by this invention is a cell transformed, transfected or infected 
with a suitable expression system provided by this invention, such as an expression system comprising a gene construct 
provided by this invention, wherein said gene construct comprises (i) a nucleotide sequence comprising the ORFs 
corresponding to said IBDV polyprotein operatively bound to a nucleotide sequence comprising a first promoter and (ii) 
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4 a nucleotide sequence comprising the ORF corresponding to said IBDV VP1 protein operatively bound to a nucleotide 
sequence comprising a second promoter, wherein either said first promoter is different from said second promoter; or 
alternatively, with an expression system provided by this invention comprising (1) a first gene construct comprising a 
nucleotide sequence comprising the ORFs corresponding to said IBDV polyprotein and (2) a second gene construct 
comprising a nucleotide sequence comprising the ORF corresponding to said IBDV VP1 protein, each one of said 
nucleotide sequences comprising the ORFS corresponding to the viral palyprotein and to the IBDV VP1 protein being 
under the control of respective nucleotide sequences comprising respective promoters, equal to or different from one 
another. 

[0062] Said process therefore comprises the simultaneous gene coexpression of said viral polyprotein and IBDV VP1 
protein as two independent ORFs. After the simultaneous expression of said viral polyprotein and VP1 protein in said 
cells, the polyprotein is proteolytically processed and the resulting proteins arc assembled and form the whole IBDV 
VLPs of the invention, made up of VPX, VP2, VP3 and VP1 , which can be isolated or withdrawn from the medium and, 
if desired, purified. The isolation or purification of said whole IBDV VLPs of the invention can be carried out by means 
of conventional methods, for example, by means of fractioning on sucrose gradients. 

[0063] Although the host cell to culture can be any of those previously defined, in a particular embodiment, said host 
cell is an insect cell. 

[0064] Therefore, in a specific embodiment, the simultaneous gene coexpression of the viral polyprotein and of the 
IBDV VP1 protein in a suitable host cell, such as an insect cell, is carried out by means of the use of a dual rBV allowing 
the simultaneous expression of said proteins from two independent ORFs, each one of them under the control of a 
different baculovirus promoter able to simultaneously and independently control the expression of said proteins in insect 
cells. In this case, the production of the whole IBDV VLPs of the invention can be carried out by means of a process 
comprising, first, the obtaining of a gene expression system made up of a dual rBV containing a gene construct simul- 
taneously comprising the ORFS corresponding to said viral polyprotein and IBDV VP1 protein, such as the rBV referred 
to as FBD/Poly-VP1 in this description, or else, alternatively, the obtaining of a rBV containing a gene construct comprising 
the ORF corresponding to the IBDV polyprotein and the obtaining of another rBV containing a gene construct comprising 
the ORF corresponding to the IBDV VP1 protein, followed by the infection of insect cells with said expression system 
based on said rVB(s), expression of the recombinant proteins and, if so desired, isolation of the formed whole IBDV 
VLPs of the invention, and optionally, subsequent purification of said whole IBDV VLPs of the invention. 
[0065] More specifically, in a particular embodiment, the process for obtaining whole VLPs of the invention is charac- 
terized in that the host cell is an insect ceil and comprises the steps of: 

a) preparing an expression system provided by this invention made up of (1) a first recombinant baculovirus com- 
prising a gene construct comprising a nucleotide sequence comprising the ORFs corresponding to the IBDV poly- 
protein operatively bound to a baculovirus promoter, said gene construct being operatively bound to transcription, 
and optionally translation, control elements, and of (2) a second recombinant baculovirus comprising a gene construct 
comprising a nucleotide sequence comprising the ORF, corresponding to the IBDV VP1 protein operatively bound 
to a promoter of a baculovirus, said gene construct being operatively bound to several transcription, and optionally 
translation, control elements; 

b) infecting insect cells with said expression system prepared in step a); 

c) culturing the infected insect cells obtained in step b) under conditions allowing the expression of the recombinant 
proteins and their assembly so as to form whole IBDV VLPs; and 

d) if so desired, isolating and optionally purifying said whole IBDV VLPs. 

[0066] Likewise, in another particular embodiment, the process for obtaining whole VLPs of the invention is charac- 
terized in that the host cell is an insect cell and comprises the steps of: 

a) preparing an expression system made up of a dual recombinant baculovirus comprising a gene construct com- 
prising (i) a nucleotide sequence comprising the ORFs corresponding to the IBDV polyprotein operatively bound to 
a nucleotide sequence comprising a first baculovirus promoter, said gene construct being operatively bound to 
transcription, and optionally translation, control elements, and (ii) a nucleotide sequence comprising the ORF cor- 
responding to the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a second baculovirus 
promoter, said gene construct being operatively bound to transcription, and optionally translation, control elements, 
wherein said baculovirus promoter is different from said second baculovirus promoter; 



b) infecting insect cells with said expression system prepared in step a); 
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c) culturingthe infected insect cells obtained in step b) under conditions allowing the expression of the recombinant 
proteins and their assembly so as to form whole IBDV VLPs; and 

d) if so desired, isolating and optionally purifying said whole IBDV VLPs. 

[0067] The construct of a dual rBV simultaneously allowing expression of the IBDV polyprotein and of the IBDV VP3 
protein can be carried out by a person skilled in the art based on that herein described and on the state of the art on 
this technology (Cold Spring Harbor, N.Y.; Leusch MS, Lee SC, Olins PO. 1995. A novel host-vector system for direct 
selection of recombinant baculoviruses (bacmids) in Escherichia coli. Gene 160:191-4; Luckow VA, Lee SC, Barry GF, 
Olins PO. 1993. Efficient generation of infectious recombinant baculoviruses by site-specific transposon-mediated in- 
sertion of foreign genes into a baculovirus genome propagated in Escherichia coii. J Virol 67:4566-79). A rBV containing 
the gene construct comprising the ORFs corresponding to the IBDV polyprotein and a rBV containing a gene construct 
comprising the ORF corresponding to the IBDV VP1 protein can be similarly obtained 

[0068] In relation with this, the invention provides a process for obtaining a dual rBV allowing the simultaneous 
expression of the IBDV polyprotein and of IBDV VP1 protein from two independent ORFs and each one of them controlled 
by a different baculovirus promoter, in insect cells, comprising: 

a) constructing a plasmid carrier of a gene construct containing (i) a nucleotide sequence comprising the open 
reading frames corresponding to the IBDV polyprotein operatively bound to a nucleotide sequence comprising a 
first promoter of a baculovirus, and (ii) a nucleotide sequence comprising the open reading frame corresponding to 
the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a second promoter of a baculovirus, 
wherein said first baculovirus promoter is different from said second baculovirus promoter and they allow the simul- 
taneous control of the gene expression of said polyprotein and IBDV VP1 protein; 

b) obtaining a recombinant bacmid, simultaneously allowing the expression during its replicative cycle of the poly- 
protein and the IBDV VP1 protein under the transcriptional control of said baculovirus promoters, by means of the 
transformation of competent bacteria with the plasmid obtained in a); and 

c) obtaining a dual recombinant baculovirus, allowing the simultaneous expression of the open reading frames 
corresponding to the polyprotein and the IBDV VP1 protein under the transcriptional control of said baculovirus 
promoters, by means of the transformation of insect cells with the recombinant bacmid of b). 

[0069] As it is used in this description, the term "competent bacteria" refers to bacteria which can contain the genome 
of a baculovirus, for example, AcMNV, optionally genetically modified, allowing the recombination with donor plasmids. 
[0070] In a particular embodiment, said process of obtaining dual rBVs is characterized in that: 

- said first baculovirus promoter sequence comprises the promoter of the AcMNV p1 0 protein and said second bac- 
ulovirus promoter sequence comprises the promoter of the AcMNPV polyhedrin, or vice versa; 

- the plasmid obtained in a) is the one identified as pFBD/Poly-VP1 in this description; 

- the competent bacteria transformed in b) are Escherichia coii DH1 OBac; 

- the recombinant bacmid obtained in b) is the one identified as Bac/pFBD/Poiy-VP1 in this description; and 

- the dual rBV obtained is the one identified as FBD/Poly-VP1 . 

[0071] The dual rBV thus obtained can be used, if so desired, to obtain whole IBDV VLPs of the invention. To that 
end, insect cells are infected with said dual rBV. Virtually any insect cell can be used; however, in a particular embodiment, 
said insect cells are H5 cells or Spodoptera frugiperda Sf9 cells. 

[0072] Alternatively, as previously mentioned, whole VLPs of the invention can be obtained by means of the combined 
infection (coinfection) of insect cells with a rBV allowing expression of the IBDV polyprotein in insect cells and with a 
rBV allowing expression of the IBDV VP1 protein in insect cells. Said rBVs can be obtained according to that previously 
mentioned. Virtually any insect cell can be used; however, in a particular embodiment, said insect cells are H5 cells or 
Spodoptera frugiperda Sf9 cells. 

[0073] Therefore, in another aspect, the invention is related to a process for the production of rBVs useful for the 
production of whole IBDV VLPs. In a particular embodiment, the recombinant baculoviruses obtained arc dual, i.e., the 
same recombinant baculovirus is able to express in suitable host cells the viral polyprotein and the IBDV VP1 protein 
from two independent ORFs and controlled by different baculovirus promoters. The simultaneous expression in the 
same host cell of said viral polyprotein and IBDV VP1 protein allows the formation of whole IBDV VLPs. In another 
particular embodiment, recombinant baculoviruses are obtained which are able to express in suitable host cells the viral 
polyprotein from a nucleic acid sequence comprising the ORFs corresponding to the IBDV polyprotein under the control 
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> of a baculovirus promoter and several recombinant baculoviruses able to express in suitable host ceils the IBDV VP1 
protein from a nucleic acid sequence comprising the ORF corresponding to the VP1 of IBDV under the control of a 
promoter that is equal to or different from the one regulating the expression of the viral polyprotein in said recombinant 
baculoviruses able to express the viral polyprotein. The combined infection (coinfection) of suitable host cells, such as 
5 insect cells, with said recombinant baculoviruses able to express the viral polyprotein and with said recombinant bacu- 
loviruses able to express the IBDV VP1 protein, allows for the simultaneous expression in said coinfected cells of the 
viral polyprotein and of the IBDV VP1 protein, which allows for the formation of whole IBDV VLPs. The resulting recom- 
binant baculoviruses constitute a further aspect of the present invention. 

[0074] In another aspect, the invention is related to the use of the gene expression system provided by this invention 
10 for the production of whole IBDV VLPs of the invention, which constitute a further aspect of this invention. 

[0075] The whole IBDV VLPs of the invention can be used to immu nize animals, particularly birds, perse or as vectors 
or vehicles of molecules with biological activity, for example, polypeptides, proteins, nucleic acids, drugs, etc., whereby 
they can be used with therapeutic or diagnostic purposes. In a particular embodiment, said molecules with biological 
activity include antigens or immune response inducers in animals or humans to whom they are supplied, or drugs which 
15 can be released in their specific action site, or nucleic acid sequences, all being useful in gene therapy and intended for 
being introduced inside the suitable cells. 

[0076] Therefore, in another aspect, the invention is related to the use of the whole IBDV VLPs of the invention in the 
manufacture of medicaments such as vaccines, gene therapy vectors (delivery systems), etc. In a particular embodiment, 
said medicament is a vaccine intended for conferring protection to animals, particularly birds, against the infectious 

20 bursal disease virus (IBDV). In another particular embodiment, said medicament is a gene therapy vector. 

[0077] In another aspect, the invention provides a vaccine comprising a therapeutically effective amount of whole 
IBDV VLPs of the invention, optionally together with one or more pharmaceutical^ acceptable adjuvants and/or vehicles. 
Said vaccine is useful for protecting animals, particularly birds, against the infectious bursal disease virus (IBDV. In a 
particular embodiment, said birds are selected from the group formed by chickens, turkeys, geese, ganders, pheasants, 

25 partridges and ostriches. In a preferred embodiment, the vaccine provided by this invention is a vaccine useful for 
protecting chickens from the infection caused by IBDV. 

[0078] In the sense used in this description, the expression "therapeutically effective amount" refers to the amount of 
whole IBDV VLPs of the invention calculated for producing the desired effect and will generally be determined, among 
others, by the characteristics of the whole IBDV VLPs of the invention and the immunization effect to be achieved. 

30 [0079] The pharmaceutical ly acceptable adjuvants and vehicles which can be used in said vaccines are those adjuvants 
and vehicles known by the persons skilled in the art and normally used in the manufacture of vaccines. 
[0080] In a particular embodiment, said vaccine is prepared in form of an aqueous solution or suspension in a phar- 
maceutical^ acceptable diluent, such as saline solution, phosphate-buffered saline solution (PBS), or any other phar- 
maceutically acceptable diluent. 

35 [0081] The vaccine provided by this invention can be administered by any suitable administration route which results 
in a protective immune response against the heterologous sequence or epitope used, to which end said vaccine will be 
formulated in the dosage form suited to the chosen administration route. In a particular embodiment, the administration 
of the vaccine provided by this invention is carried out parenterally, for example, intraperitoneally, subcutaneously, etc. 
[0082] The following Examples illustrate the invention and should not be considered limiting of the scope thereof. 

40 Example 1 clearly shows that the deletion of the C-terminal end of the IBDV VP3 protein hinders formation of IBDV 
VLPs, whereas Example 2 describes the generation of a recombinant baculovirus coexpressing the A1 and B1 open 
reading frames of the IBDV genome, and Example 3 illustrates obtaining whole IBDV VLPs from H5 cells infected with 
the recombinant baculovirus FBD/Poly-VP1. The materials and methods described below were used to implement the 
Examples. 

45 

MATERIALS AND METHODS 

[0083] Cells and viruses. The recombinant viruses VT7/VP3, VT7/PoIyA907-1012, FB/Poly, FB/his-VP3 (wt), 
FB/his-VP3A253-257, FB/his-VP3A1 -25, FB/his-VP3A26-52, FB/his-VP3A53-77, FB/his-VP3A78-1 00, 

50 FB/his-VP3A101-124, FB/his-VP3A125-150, FB/his-VP3A151-175, FB/his-VP3A1 76-200, FB/his-VP3A20 1-224 and 
FB/his-VP3A21 6-257 were disclosed previously (Fernandez-Arias A et al. 1 997. The major antigenic protein of infectious 
bursal disease virus, VP2, is an apoptotic inducer. J Virol. 71 :801 4-8; Kadono-Okuda K et al. 1 995. Baculovirus-mediated 
production of the human growth hormone in larvae of the silkworm, Bombyx mori. Biochem Biophys Res Commun. 
213:389-96; Kochan G et al. Characterization of the RNA binding activity of VP3, a major structural protein of IBDV. 

55 2003. Archives of Virology 1 48:723-744; Marti nez-Torrecuadrada JL et al. 2000. Different architectures in the assembly 
of infectious bursal disease virus capsid proteins expressed in insect cells. Virology 278:322-31). 
[0084] The expression experiments were carried out with BSC-1 cells (American Type Culture Collection, ATCC; 
Catalogue CCL26), H5 [HighFive™ (GIBCO)] and Sf9 cells (GIBCO). The BSC-1 cells were cultured in Eagle modified 
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• Dulbecco medium supplemented with 1 0% fetal bovine serum. The 1 1 5 and Sf9 cells were cultured in TC-1 00 medium 
(GiBCO) supplemented with 10% fetal bovine serum. The viruses were amplified and titrated following previously dis- 
closed protocols (Lombardo E et al. 2000. VPS, the nonstructural polypeptide of infectious bursal disease virus, accu- 
mulates within the host plasma membrane and induces cell lysis. Virology. 277:345-57; Martinez-Torrecuadrada JL ct 
al. 2000. Different architectures in the assembly of infectious bursal disease virus capsid proteins expressed in insect 
cells. Virology. 278:322-31). 

[0085] The isolate of IBDV used was IBDV Soroa strain. 

[0086] Generation of recombinant baculoviruses. The previously disclosed plasmid pFB/his-VP3 was used as a 
mold in the generation, by means of polymerase chain reaction (PGR), of the DNA fragments used in the construction 
of the plasmid vectors needed for the construction of the recombinant baculoviruses FB/his-VP3A248-257, 
FB/his-VP3A243-257, FB/his-VP3A23 8-257, FB/his-VP3A233-257, and FB/his-VP3A228-257. The PCR reactions were 
carried out using a common 5' primer (SEQ. ID. NO: 4) and 3' primer specific for each mutant (Table 1). 



Table 1 Generation of deletion mutants of the terminal carboxy end of His-VP3 



Mutant 


Sequence 


His-VP3A248-257 


SEQ. ID. NO: 5 


His-VP3A243-257 


SEQ. ID. NO: 6 


His-VP3A238-257 


SEQ. ID. NO: 7 


His-VP3A233-257 


SEQ.ID.NO:8 


His-VP3A228-257 


SEQ. ID. NO: 9 



[0087] After the PCR reactions, the corresponding DNA fragments were purified and digested with the restriction 
enzymes Apa\ and Kpn\ and ligated to the plasmid pFB/his-VP3 (Kochan G et al. 2003. Characterization of the RNA 
binding activity of VP3, a major structural protein of IBDV, Archives of Virology 148:723-744) previously digested with 
the same enzymes. The plasmid series genetically referred to as pFB/his-AVP3 (pFB/his-VP3An-n' more specifically, 
wherein n and n' indicate the deleted region borders) containing deletions in the 5' end of the encoding region of VP3, 
were thus generated. 

[0088] The construction of the plasmid vectors required for the generation of the recombinant baculoviruses 
FB/PolyA1 008-1012, FB/PolyA1003-1012 and FB/PolyA998-1012 was carried out by means of the substitution of the 
Xba I fragment (343 base pairs) with its homologues, containing the desired deletions, coming from the plasmids 
FB/his-VP3A233-257, FB/his-VP3A248-257 f and FB/his-VP3A243-257, respectively. 

[0089] The construction of the plasmid vector pFBWPI was carried out by means of cloning a DNA fragment, which 
contains the open reading frame of the gene of the IBDV VP1 protein, from the plasmid pBSKVPI (Lombardo E et al. 
1 999. VP1 , the putative RNA-dependent RNA polymerase of infectious bursal disease virus, forms complexes with the 
capsid protein VP3, leading to efficient encapsidation into virus-like particles. J. Virol. 73:6973-83) by means of digestion 
of the plasmid with the restriction enzyme C/al, followed by treatment with the Klenow fragment of DNA polymerase I 
and subsequent treatment with the enzyme Afol This fragment was subcloned into the vector pFastBacI (Invitrogen) 
previously digested with the restriction enzymes Stu\ and /Vofl. The resulting plasmid was called pFB/VP1. 
[0090] The plasmid vectors pFBD/his-VP3-VP1 and pFBD/Poly-VP1 were constructed by means of the insertion of 
the open reading frames of the genes of the VP3 and VP1 proteins in the vector pFastBacDual (Invitrogen). pFBD/VP 
1 was generated by means of the insertion of a fragment containing the open reading frame of VP1 obtained by means 
of digestion with the enzyme A/ofl, followed by treatment with the Klenow fragment of DNA polymerase I and subsequent 
treatment with the enzyme Xho\, in the vector pFastBacDual (Invitrogen) previously digested with the enzymes Xho\ 
and PvuW. Then, the plasmid pFB/his-VP3 (Kochan G et al. 2003. Characterization of the RNA binding activity of VP3, 
a major structural protein of IBDV. Archives of Virology 148:723-744) was digested with the enzymes Not\ and flsril, 
and the resulting fragment containing the open reading frame of his-VP3 was inserted in the plasmid pFBD/VP1 previously 
digested with the enzymes Not\ and Rsrtt. The resulting plasmid was called pFBD/his-VP3-VP1. Similarly, the open 
reading frame corresponding to the IBDV polyprotein was isolated from the plasmid pClncoPoly (Maraver A et al. 
Identification and molecular characterization of the RNA polymerase-binding motif of the inner capsid protein VP3 of 
infectious bursal disease virus. J. Virol. 77:2459-2468) by means of digestion with the enzymes EcoRI and Afofl. The 
corresponding DNA fragment was cloned into the plasmid pFBD/VP1 previously digested with the enzymes EcoRI and 
Not\, giving rise to the vector referred to as pFBD/Poly-VP1 . 

[0091] The recombinant baculoviruses described above were generated using the Bac-to-Bac system, following the 
protocols described by the manufacturer (Invitrogen). 
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[0092] Purification by means of sucrose gradients and characterization of the structures derived from the 
expression of the IBDV polyprotein. BSC-1 or H5 cells were infected with the described vaccine viruses or recombinant 
baculoviruses. The infected cells were harvested, lysed and processed as described above (Lombardo E et al. 1999. 
VP1 , the putative RNA-dependent RNA polymerase of infectious bursal disease virus, forms complexes with the capsid 
protein VP3, leading to efficient encapsidation into virus-like particles. J. Virol. 73:6973-83; Caston JR et al. 2001. C 
terminus of infectious bursal disease virus major capsid protein VP2 is involved in definition of the number for capsid 
assembly. J. Virol. 75:1 0815-28). 

[0093] Electron microscopy. Aliquots of 5 |xl of the different fractions of the analyzed sucrose gradients were placed 
in electron microscopy grids. The samples thus prepared were negatively stained with a 2% uranyl acetate solution. The 
micrographs were obtained with a Jeol 1200 EXII microscope operating at 100 kV with magnifications of 20.000 or 
40.000 X. 

[0094] Purification of his-VP3 fusion proteins and derivatives by means of immobilized metal affinity chro- 
matography (IMAC). H5 or Sf9 cells infected with the different recombinant viruses described were harvested at 72 
h:p:i. Alter washing twice in phosphate buffered saline (PBS), the cells were resuspended in lysis buffer (Tris-HCI 50 
mM, pH 8.0; NaCI 500 mM) supplemented with protease inhibitors (Complete Mini, Roche) and kept on ice for 20 minutes. 
Then the samples were subjected to centrifugation at 1 3,000 x g for 1 0 minutes at 4°C. The corresponding supematants 
were subjected to purification by means of IMAC using a resin bound to cobalt (Talon, Clontech Laboratories, Inc., Palo 
Alto, CA) following the manufacturer instructions. 

[0095] Electrophoresis and Western blot. The protein samples were resuspended in Laemmli buffer (King J & 
Laemmli UK. 1 973. Bacteriophage T4 tail assembly: structural proteins and their genetic identification. J Mol Biol. 1973 
Apr 5;75(2):315-37) and subjected to heating at 100°C for 5 minutes. The electrophoreses were carried out in 1 1% 
polyacrylamide gels. Then the proteins were transferred to nitrocellulose membranes by means of electroblotting. Prior 
to the incubation with specific autisera, the membranes were blocked by means of incubation for 1 hour at room tem- 
perature, with 5% powdered milk diluted in PBS. 

[0096] Immunofluorescence (IF) and conf ocal microscopy (CLSM). BSC-1 or H5 cells were grown on slide covers 
and infected with the recombinant baculoviruses or vaccine viruses. At the post-infection times indicated, the cells were 
washed two times with PBS and fixed with methanol at -20°C for 10 minutes. After the fixing, the slide covers were air 
dried, blocked in a 20% solution of recently bom caff serum in PBS 45 minutes at room temperature and incubated with 
the indicated anti-sera. The samples were viewed by means of epifluorescence using a Zeiss Axiovert 200 microscope 
equipped with a Bio-Rad Radiance 2100 confocal system. The images were obtained using the Laser Sharp software 
package programs (Bio-Rad). 

[0097] Mass spectrophotometry (MS) analysis. The proteins were passed through C-18 ZipTip tips minicolumns 
(Millipore, Bedford, MA, USA) and eluted in matrix solution (3,5-dimethoxy-4-hydroxycinnamicacid saturated in aqueous 
solution of 33% acetonitrile and 0.1% trifluoroacetic acid). An aliquot of 0.7 fil of the resulting mixture was placed in a 
steel MALDI probe which was subsequently air dried. The samples were analyzed using a Bruker Reflex™ IV MALDI-TOF 
mass spectrometer (Bruker-Franzen Analytic GmbH, Bremen, Germany) equipped with a SCOUT™ reflector source in 
positive ion reflector mode using delayed extraction. The acceleration voltage was 20 kV. The equipment was externally 
calibrated using mass signals corresponding to BSA and BSA dimers ranging from 20-130 m/z. 

EXAMPLE 1 

Deletion of the C-terminal end of the VP3 protein eliminates the formation of IBDV 
VLPs 

[0098] It has recently been disclosed that the C-terminal end of VP3 contains the domain responsible for the interaction 
of this protein with the VP1 protein (Maraver A et al. Identification and molecular characterization of the RNA polymer- 
ase-binding motif of the inner capsid protein VP3 of infectious bursal disease virus). As a result, it was decided to analyze 
the possible role of the C-terminal region of VP3 in the morphogenesis of IBDV VLPs. As a starting ground for this 
analysis, the recombinant vaccine virus referred to as VT7/PolyA907-1012, expressing a deleted form of VP3 lacking 
the 1 05 C-terminal end residues (SAnchez Martinez AB. 2000. "Caracterizaci6n de las modif icacfones co y post-traduc- 
cionales de lapoliprotefna del virus de la bursitis infecciosa". Doctoral Thesis. Universidad Aut6noma of Madrid. Facultad 
of Ciencias Biologicas), was used (Figure 1 A). The SDS-PAG E and Western blot analysis showed that the deletion does 
not affect the cotranslational proteolytic processing of the polyprotein (Sanchez Martinez AB. 2000. Doctoral Thesis 
cited supra). Expression of the PolyA907-1 01 2 protein gives rise to the formation of tubular structures similar to the type 
I tubules formed in cells infected with IBDV (Kaufer, I., and E. Weiss 1976. Electron -microscope studies on the patho- 
genesis of infectious bursal disease after intrabursal application of the causal virus. Avian Dis. 20:483-95). The tubular 
structures formed by expression of PolyA907-1012 were detected by means of immunofluorescence using antibodies 
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• anti-VPX/2 (anti-pVP2/VP2) and anti-VP3 (Figure 1 B), and by means of electron microscopy of fractions obtained by 
means of purification on sucrose gradients (Figure 1 C). The Western blot analysis confirmed the presence of VPX and 
VP3 in said tubules. 

[0099] For the purpose of confirming that the mentioned phenotype was due to the deletion within the region corre- 

5 spending to VP3, an experiment was carried outcoinfecting BSC-1 cells with VT7/Po1yA907-1 01 2 and VT7/VP3. VT7/VP3 
is a virus vaccine recombinant expressing the whole VP3 protein (Fernandez-Arias A ct al. 1997. The major antigenic 
protein of infectious bursal disease virus, VP2, is an apoptotic inducer. J Virol. 71 :801 4-8). A confocal microscopy analysis 
showed that the coexpression of the whole VP3 protein produces a significant reduction in the formation of type I tubules. 
In the coinfected cells, the subcellular distribution of the VPX/VP3 proteins is characterized by the formation of short 

10 tubules and viroplasms similar to those detected in cells infected with the whole polyprotein (Figure 1 B). This observation 
indicates that the coexpression of the whole VP3 protein partially salvages the ability of the PolyA907-1 012 protein to 
form VLPs. The electron microscopy analysis of fractions derived from the coinfection confirmed this hypothesis. There- 
fore, the top fractions of the gradient were highly enriched in short tubules and quasi-spherical assemblies, called 
capsoids, with a diameter of 60-70 nm, together with a small proportion of VLPs of polygonal contour (Figure 1 C). The 

15 Western blot analysis of the top fractions of the gradient, which contained the highest concentration of capsoids, clearly 
showed that they contained a larger ratio of whole VP3 protein than of VP3A907-1012 protein (data not shown). This 
result indicated that the incorporation of the whole VP3 protein in these structures is more efficient than that of the deleted 
form. These results showthat the C-terminal end of VP3 plays af undamental role in the morphogenesis of the IBDVcapsid. 
[0100] The VP3 protein undergoes a proteolytic processing in insect cells. It has previously been disclosed that the 

20 expression of the IBDV polyprotein in insect cells produces the assembly of long tubules formed by VPX trimer hexamers 
(Da Costa, B., C. Chevalier, C. Henry, J. C. Huet, S. Petit, J. Lcpault, H. Boot, and B. Delmas 2002. The capsid of 
infectious bursal disease virus contains several small peptides arising from the maturation process of pVP2. J Virol. 
76:2393-402; Martinez -To rrecuadrada JL et al. 2000. Different architectures in the assembly of infectious bursal disease 
virus capsid proteins expressed in insect cells. Virology. 278:322-31). The similarity between the tubules observed in 

25 mammal cells infected with VT7/PolyA907-1 012 and those detected in insect cells infected with recombinant baculovi- 
ruses expressing the whole polyprotein led to the analysis of the condition of the VP3 protein accumulated in insect 
cells. To that end, cell extracts infected with IBDV, VT7/Poly (Fernandez-Arias A et al. 1998. Expression of ORF Al of 
infectious bursal disease virus results in the formation of virus-like particles. J. Gen. Virol. 79: 1047-54) and FB/Poly, 
respectively, were analyzed by means of Western blot using anti-VP3 serum (Ferndndez-Arias A et al. 1 997. The major 

30 antigenic protein of Infectious bursal disease virus, VP2, is an apoptotic inducer. J Virol. 71:8014-8). In cells infected 
with IBDV and VT7/Poly, the presence of a single band of 29 kDa, the expected: size of the whole VP3 protein, was 
detected by means of Western blot (Figure 2). On the contrary, in insect cells infected with FB/Poly, the presence of two 
bands corresponding to polypeptides of 29 and 27 kDa, respectively, was detected by means of Western blot (Figure 
2). An analysis of the time expression showed that even though the appearance of the product of 27 kDa is slightly 

35 delayed with regard to the appearance of the product of 29 kDa, it becomes predominant in the later stage of infection 
(Figure 8A). A similar analysis carried out in Sf9 cells produced identical results (data not shown). These results show 
that in insect cells, the VP3 protein undergoes a post-translational modification giving rise to the accumulation of a 
product of 27 kDa. 

[01 01 ] The infection of insect cells with a recombinant baculovirus, FB/his-VP3, expressing a version of VP3 containing 

40 a six-histidine residue tag (6xhis), called his-VP3 (Figure 3A), gives rise to the accumulation of two molecular forms of 
the protein of 32 and 30 kDa, respectively, similar to those observed in cells infected with FB/Poly (Kochan G et al. 2003. 
Characterization of the RN A binding activity of VP3, a major structural protein of IBDV. Archives of Virology 148:723-744). 
Therefore, FB/his-VP3 was used as a tool to determine the origin of the smaller VP3 protein. To that end, both total cell 
extracts infected with FB/his-VP3 and protein purified by means of IMAC were analyzed by means of SDS-PAGE and 

^5 Western blot using anti-VP3 serum (Figure 3B) and anti-6xhis (Figure 3C). As shown in Figure 3B, the polyprotein of 
the 30 kDa is present in the purified protein sample, which shows that its N-terminal end remains intact. On the other 
hand, both the product of 32 kDa and that of 30 kDa are recognized by both antisera (Figures 3B and 3C). These results 
strongly indicate that in insect cells, the VP3 protein undergoes proteolysis, giving rise to a product lacking a fragment 
of 2 kDa at its C-terminal end. For the purpose of firmly determining this possibility, six recombinant baculoviruses called 

50 his-VP3A253-257, his-VP3A248-257, his-VP3A243-257, his-VP3A23 8-257, his-VP3A233-257 and his-VP3A228-257, 
respectively (Figure 4A) were used [they correspond to those defined in the section of Materials and Methods, sub-section 
Cells and Virus, with an identical nomenclature, but preceded by "FBr (indicative of the name of the plasmid used for 
generating the viruses (pFastBad)]. These recombinant baculoviruses express a series of deletion forms of VP3 con- 
taining a histidine tag. The deletions were generated to progressively eliminate groups of 5 amino acid residues and 

55 thus generate a collection with growing deletions at the C-terminal end of the VP3 protein, as shown in Figure 4A. The 
expression of these proteins was analyzed by means of Western blot using anti-VP3 scrum. As shown in Figure 4B, the 
expression of the his-VP3 (his-VP3 wt) whole protein and of the his-VP3A253-257 mutant protein gave rise to the 
formation of doublets. On the other hand, the proteins containing deletions of 10 or more residues migrated according 
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« to their expected size, giving way to a single band (Figure 4B). This result shows that the C-terminal end of the VP3 
protein is protcolytically processed and that the deletion of the cleavage site prevents proteolysis. The electrophoretic 
mobility of the his-VP3A248-257 protein is slightly less than that of the polypeptides generated by proteolytic processing 
of his-VP3 and his-VP3A253-257, which indicates that the processing occurs in the region located between residues 
5 243 and 248. The C-terminal end of the his-VP3A248-257 protein is probably too short so as to allow the recognition on 
the part of the protease, and therefore it would not undergo proteolytic processing. 

[0102] For the purpose of confirming the results obtained with the his-VP3 deletion mutants and precisely establishing 
the proteolytic cleavage site in the VP3 protein, H5 cell extracts infected with FB/his-VP3 were subjected to purification 
by means of IMAC. The resulting purified protein was analyzed by means of mass spectrometry. The experiment was 

10 repeated three times using independent purifications. The obtained results were similar in all cases (a difference in mass 
of less than 0.03%). Figure 5A shows the results of one of these experiments. The presence of two polypeptides of 
32,004 and 30,444 Da, respectively, was determined. These results show that the proteolytic processing causes the 
elimination of a peptide of 1 ,560 Da from the C-termina! end of his-VP3. This size fits with the molecular mass (1 ,576 
Da) corresponding to the 13 C-terminal residues of VP3 (SEQ. ID. NO: 3) (Figure 5B). 

15 [0103] These results as a whole show that the VP3 protein is proteolytically processed in insect cells between the 
L244 and G245 residues, giving rise to a polypeptide lacking the 13 C-terminal residues. 

EXAMPLE 2 

20 Generation of a recombinant baculovirus coexpressing the A1 and B1 open reading frames of the IBDV genome 

2.1 Construction of the plasmid pFBD/VP1 

[0104] The nucleotide sequence corresponding to the B1 open reading frame of the IBDV genome was obtained from 
25 the plasmid pBSKVPI described above (Lombardo E et al. 1999. VP1, the putative RNA-dependent RNA polymerase 
of infectious bursal disease virus, forms complexes with the capsid protein VP3, leading to efficient encapsidation into 
virus-like particles. J. Virol. 73:6973-83). The plasmid was purified and subjected to the following enzymatic treatments: 
i) digestion with the restriction enzyme A/ofl; ii) incubation with the Klenow fragment of DNA polymerase of E. coli in the 
presence of dNTPs; and iii) digestion with the restriction enzyme Xho\. Then the corresponding DNA fragment was 
30 purified and used for its cloning into the vector pFastBacDual (Invitrogen) previously treated with restriction enzymes 
Xho\ and PvuW. Forthis, the DNA fragment and the linearized plasmid were incubated in the presence of T4 DNA ligase 
to generate the plasmid pFBD/VP1 . 

2.2 Construction of the plasmid pFBD/Poly-VP1 

35 

[01 05] The nucleotide sequence corresponding to the A1 open reading frame of the IBDV genome was obtained from 
the plasmid pClneoPoly described above (Lombardo E et a!. 1 999. VP1 , the putative RNA-dependent RNA polymerase 
of infectious bursal disease virus, forms complexes with the capsid protein VP3, leading to efficient encapsidation into 
virus-like particles. J. Virol. 73:6973-83). The plasmid was purified and incubated with the restriction enzymes EcoRI 
40 and A/ofl. The corresponding DNA fragment was purified and incubated with the plasmid pFBD/VP1 , previously digested 
with the restriction enzymes EcoRI and A/ofl, in the presence of T4 DNA ligase to generate the plasmid pFBD/Poly-VP1 . 
A bacteria culture transformed with said plasmid pFBD/Poly-VP1 has been deposited in the CECT with deposit number 
CECT 5777. 

45 2.3 Obtaining the bacmid Bac/pFBD/Poly-VP1 

[0106] This was carried out by means of the transformation of competent bacteria DHIOBac (Invitrogen), positive 
colony selection in selective medium and purification following the methodology disclosed by Invitrogen (catalog numbers 
10359016 and 10608016). 

50 

2.4 Obtaining the recombinant baculovirus FBD/Poly-VP1 

[0107] The virus was obtained by means of transection of H5 cells (Invitrogen) with the bacmid Bac/pFBD/Poly-VP1 
previously purified following the methodology disclosed by Invitrogen (catalog numbers 1035901 6 and 10608016). 

55 
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. EXAMPLE 3 

Obtaining whole IBDV VLPs from H5 cells infected with the recombinant baculovirus FBD/PoLy-VP1 

[0108] H5 cell cultures were infected with the recombinant virus FBD/Poly-VP1 (Example 2) using a multiplicity of 
infection of 5 plaque forming units per cell. The cultures were harvested at 72 hours post-infection (h.p.i). The cells were 
settled by means of centrifugation (1 .500 x g for 10 minutes). The cellular sediment was resuspended in PES buffer 
(PIPES (1 ,4-piperazine ethanesulfonic acid) 25 mM, pH 6.2, NaC1 150 mM, CaCI 2 20 mM). Then the cells were homog- 
enized by means of three consecutive freezing/thawing cycles (-70°C/+37°C). The corresponding homogenate was 
centrif uged (1 0.000 x g for 1 5 minutes at 4°C). The resulting supernatant was harvested and used for the purification of 
the VLPs. To that end, a centrifuge tube with a 25% sucrose cushion (weight/volume), diluted in PES buffer of 4 ml, was 
prepared, depositing 8 ml of supernatant thereon. The tube was centrifuged ( 1 25.000 x g for 3 hours at 4°C). The resulting 
sediment was resuspended in 1 ml of PES buffer. Then a continuous 25-50% sucrose gradient in PES buffer was 
prepared in a centrifuge tube, depositing the resuspended sediment thereon. The tube was centrifuged (1 25.000 x g for 
1 hour at 4°C). Then the gradient was fractioned into aliquots of 1 ml. 

[0109] The different aliquots were analyzed by means of transmission electron microscopy. To that end, a volume of 
5 jxl of each sample was placed on a microscope grid. The samples were negatively stained with an aqueous solution 
of 2% uranyl acetate. A Jeol 1200 EXII microscope operating at 100 kV and at a nominal magnification of 40.000 X was 
used. This analysis showed the presence of whole VLPs structurally identical to the I BDV virions in the analyzed samples. 
[01 1 0] For the purpose of determining the protein composition of the VLPs detected by means of electron microscopy, 
the samples were analyzed by means of Western blot. To that end, the samples were subjected to polyacrylamide gel 
electrophoresis. The gels were subsequently transferred to nitrocellulose and incubated with anti-VPX/2 antibodies 
(anti-pVP2/VP2), anti-VP3 and anti-VP1 . The results showed the presence of the VPX, VP2, VP3 and VP1 proteins in 
the fractions containing VLPs. 

MICROORGANISM DEPOSIT 

[011 1] A culture of the bacteria derived from DH5, earner of a plasmid containing the TBDV polyprotein-VP1 genetic 
construction (pFBD/Poly-VP1 ), DH5-pFBD/poly-VP1 , has been deposited in the Spanish Culture Type Collection (CECT), 
University of Valencia, Research Building, Burjasot Campus 46100 Burjasot Valencia, Spain, on March 8, 2003, with 
deposit number CECT 5777. 
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SEQUENCE LISTING 

<110> CONSEJO SUPERIOR D£ INVEST IGACIONE 5 CIENTtFTCAS 

<110> BIONOSTRA, S.L. 

<120> WHOLE EMPTY VIRAL PARTICLES OF THE INFECTIOUS BURSAL DISEASE 
VIRUS (IBDV), PRODUCTION PROCESS AND APPLICATIONS 

<150> P200300751 

<151> 2003-03-31 

<160> 9 

<3 70> Vatentln version 3.1 

<210> 1 

<21JL> 10909 

<212> DNA 

<213> Artificial sequence 
<220> 

<2?.3> IBDV polyprotein-VPl gene construction 
<220> 

<2?.l> gene 

<222> (3).. (3041) 

<223> Open reading frame of IBDV polyprotcin in rcwerr.e comp I ementory 
strand 

<220> 

<2?.l> promoter 

<222> (3083) . . (3211) 

<223> AcMNV poiyhecirin promoter 

<220> 

<221> promoter 

<222> (3230) .; (3351) 

<223> AcMNV plO promoter 

<220> 

<221> CDS 

<?.?.?> (3388) . . (6027) 

<223> Open reading frame of IBDV VP1 protein 
<220> 

<221> polyA_g1te 

<222> (6068) . . (6331) 
<223> 

<220> 

<22l> gene 

<222> (6901) . . (7434) 

<223> Gentamlcin resistance qene 

<220> 

<221> misc_feature 

<222> (VbOl ) - . (7725) 

<223> Minitransposon Tn7R 

<220> 

<22l> gene 
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10 



15 



35 



40 



45 



50 



<222> (8787) . . (9647) 

<2£3> Ampicillin resistance qene 

<220> 

<221> miscjE eature 

<222> (98i>4) . . (10234) 

<223> Fl 

<220> 

<221> misc feature 

<222> (10418) . . (1051*3) 

<223> Minitransposon Tn7L 

<400> 1 

gctcactcaa qgtcctcatc agagaeggtc ctgatccagc ggcccagccg accagggggt 60 



ctctgtgtr.g gages ttggg llliggcttg ggctttgqta gaqcccqcct qqgattcjega 120 

tgettcatet ccatcgcagr. enng^gcago tctttcacct gcccctggtc tgggccacgt 180 

20 ccatggttga tttcatagac tttggcaact tegtctatga aagcttgggg tggctctgcc 240 

tgtcctggag ccccgtagat oqaegtaget geccttagga tttgttcttc tgatgecaac 300 

cggctcttct cr.gcatgcoc gtagtctaga taglcctcgt ttqqqtccqq tautcccgt 360 

25 ttgttctgcc agtactttac ctggcctggg cttggccctc ggtgcccatt gagtgetnee 420 

cattctggtq tigcaaaqla qatqeccatg gtctccatct tctttgagat ccgtgtgtuU 480 

ttttccctct gtgcttcctc tggtgtgggg ccccgagcoL ccaciccgla gcctgctgtc S'lO 

30 ccgtacttgg ccctttgcga cttgctgcct gcttgtggtg cgtttgcaag aaaatttege 600 

atcegaLgyg cgttcqqqtc gctgagtgcg aagttggcca tgtcagtcac aatcccattc 660 

tcttecagcc acatgaacac actgagtg^a yattgqaata qtqqqtccac qttgqctgcl 720 

gcttccattg ctctgncggc accctcgagt icggggglei: ctltgaactc Lgacgcagcc 700 

atqqcaaqqt qqtactqqcg tectgeattg ggtggaaggt atggtaggtt gaggtagggg 840 

agCclgtcuc agtcgcgtgg attqtqaqqq aaacgtttga tgaacgttgc ccagttgqgc 900 

ccggtgttta caccgaatgc iccgggacoa qccaacctaa ggccaagtcq qtgtqcagta 960 

gcg.igcr.tgg tgcr.r.ctaoa gcttactttc tcaatctcgc cacaaqcatt gagggcLcec 1020 
gtcatageca catggattgg gactttgggt cgaaacacat ccalglaagc tatggctaga . 1000 

tttccactgt ttcccacaat aggaggtatg ggatctttgg acagcacaat gctgtcgtcc n40 

cagacatcat ctattgggac aacggtgtag tcrxtcccag tctccagtgg aagtacccca 1200 

tctggagcat atccatagac tctgtgtccn gagagagttc gtotgaagga tcctctttga 1260 

gatggaggtt ggaggtcttc tcgcncgcct tcnatgacag caaacatttt gctgttcnaf. 1320 

gctttgggtg tcatggcgtc ttccactgtc gtaataacca cagggaatag cgtggcaccc 1380 

55 tctcttaaca cgcagtcgag gttgtgtgco ccgcggagta ceccaggtga agcaagaatc 14 4 0 
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ccgtcgacta 


cgggattctg 


gggcacctgg 


teggcggcga 


gagtcagctg 


cctfcatgcgg 


getcqagcag 


ttcctgaagc 


ggcctgggcc 


ceaattcjuat 


gyyctagqqg 


aqcqqcaqgt 


atcctccila 


iggcceggai 


tatgto-tttg 


gagttgaggt 


cggecacctc 


catgaagtat. 


caqacggtct 


tgatgccaag 


acggtccctc 


gcbcctgggt 


caaatcgqcc 


qtattctgta 


at.cogct.cga 


agttgctcac 


cccagcgacc 


taggccacta 


gcgtgacggg 


acggagggcc 


gctaggctcc 


ctcttgccga 


ccatgacatc 


gtcoctatct 


ecagtttgat 


ggatgtgaii 


agattgaatg 


gcataaggt.t. 


gtcggtgccg 


ctggtgatta 


ccgttgtccc 


atcaaagcct 


ccgcggacqc 


utcjLLcgaaa 


cacqaqctct 


atgttggct.g 


agaocagtgt 


gattgttacc 


taatcatcgg 


ctgcagttat 


ggtgtagact. 


accalling 


gglcaagccc 


tattgcyqqa 


tcatatgatg 


tgggtaagcu 


gaggacgglg 


ttgtcgttga 


tgttggctgt 


tgcagacatc 


ctcagqcttc 


cttggaaggt 


cacggcgttt 


ggaagtgtgc 


t tgacctcac 


tqtqagactc 


gccggcaggc 


tctgggcagt 


caqgaqcatc 


agtgtgtagt 


gagcacccoc 


aattgagcca 


gaccctgtgt 


cccccacagt 


caaattgtag 


tccagggtgt 


cgtccggaat 


ggacgccggt 


aacggaacaa 


tctqrtqqqt. 


ttgntctgoc 


gcgcttcgga 


ccgggatccg 


cgcccgotgg 


taggtttttt 


tattacaana 


c.tgttacgaa 


ggttatcatt 


ttaattatct 


ccatgatcta 



ootagattcg cgoctacctc gtaccccttg 1500 

cctgaggcag ctcttgcttt tcctgacgcg 1560 

tcatcgccca gcaggtagtc tacaccttcc 1620 

qggaacaatg tggagaccac cqgcacagcL 1680 

aagcfjgaatg ctcctgcaat cilcagggga 1740 

r.cacgaaagt cagr.gtactc ccttgttggc 1800 

tcactcagta tcaattttgt gtagttcatg 1860 

accaggttct ttgetagttc aqgatttggg 1920 

gtaacgacgg accctgttgc cactcttt-cg 1980 

cctggatogt tgccaccar.g gatcgtcact 2040 

tgatcccctg cctgaccacc acttttggag 2100 

qqclqqqila iclcqlugt tggeatcaca 2160 

gtcgtcogcc cattgtttgc ggccacagcc 2220 

atgaggtaga tggtggcgcc cagtacaagg 2280 

cccccaacqc tqaqqcttqL qaiggcatica 2340 

ccacctggtl ggtactgtgd tgagaattgg 2400 

ctgggcctgt. cacr.gctgtc acatgtggct 2460 

atqqqqtcac caagcctcac alaceeaaga 2520 

aecccuccc claciaggac gttcccaatr. 2h80 

aacccar.r.gr. agctaacatc tgtcagttca 2640 

atggtgccgt ttagtgcata aacgccacca 2700 

cgactcacta gcctgcagta qttqtaactg 2760 

tqatcqaact tqtaqttccc aiigcccCQC 2820 

gggaatccag ggaaaaagac oattagccct 2880 

gtcgoggtct ctgacctgag ogt.gtgcttc 2940 

ccggttgttg gcotcagaog gctccgtatg 3000 

aggtttgtca tcgatgcgat cgaat.tccgc 3060 

tgggacggta tgaataatcc ggaat.nt.t.t.a 3120 

aacagtaaaa tacttattta tt.r.gcgagat 3180 

ttaatattcc ggagtatacg gacctttaat 324 0 
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tcaacccaae acaatatatt atagttaaat aagaattatt atcaaatcat ttgtatatta 3300 
attaaaaiac lalaetqtaa attacatttt atttacaatc actcgacgaa gacttyatca 3360 

5 

cccgggatct egaggtcgae ggtateg atg agi gac gu lie aal agl cca cag 3414 

Met Scr Ar>p Vnl Pho Asn Scr Pro Gin 
1 5 

gcg cga age acg ate tea gen gcg ttc ggc ata o$g cct aet get gga 3462 
™ Ala Arg Ser Thr He Ser Ala Ala Phe Gly He Lys Pro Thr Ala Gly 

10 15 20 25 

caa gac gtg gaa gaa etc ttq ate cct aaa gtt tgg gtg cca cct gag 3510 
Gin Asp Val Glu Glu Lou Leu lie Pro Lys Val Trp Vai Pro Pro Glu 
30 35 40 



15 



20 



35 



40 



50 



gat ccg ctt gee age cct agt cga ctg gca aag ttc er.e aga gag aac 35b8 

Asp Pro T.eu Ala Ser fro Ser Arg Leu Ala Lys Phe Leu Arg Glu Asn 
45 50 55 

ggc tac aaa gtt ttg cag ccg egg tct ctq ccc qaq aat qaq gag tat 3606 

Gly Tyr Lys Val Leu Gin Pro Arg Ser Leu Pro Glu Asn Glu Glu Tyr 
60 65 70 



gag acc gac caa ata etc cca gac tta gea tgg atg cga cag ata gaa 3654 

Glu Thr Asp Gin Ho T.nu Pro Asp T,eu Ala Trp Met Arg Gin Tie Glu 
25 15 80 85 

ggg get gtt tta ana ccc act eta tct etc cct act gga got cag gag 3702 

Gly Ala Val Leu Lys Pro Thr Leu Ser Leu Pro He Gly Asp Gin Glu 
90 95 100 105 

30 lac LLC cca aag lac Lac cca aca cat cgc cct age aag gag aaq ccc 3750 

Tyr Phe Pro Lys Tyr Tyr Pro Thr His Arg Pro Ser Lys Clu Lya Pro 
110 115 120 



aat gcg tac cca cca gac ate gca eta etc aag cag atg att tac ctg 3798 
Asn Ala Tyr Pro Pro Asp He Ala Leu Leu Lys Gin Met He Tyr Leu 
125 130 135 

III etc cag git cca gag gee aac gaq ggc eta aag gat gaa gta acc 3846 
Phe Leu Gin Val Pro Glu Ala Asn Glu Gly Leu Lys Asp Glu Val Thr 
140 145 150 

etc ttg acc caa aac ana agg gac aag gco tat. gga agt. ggg ace tac 3894 
Leu Leu Thr Gin Asn He Arq Asp Lys Ala Tyr Gly Ser Gly Thr Tyr 
155 160 165 

atg gga caa gca. aat cga ctt gtg gec atg aag gag gtc gec act gga. 39.42 
45 Met Giy Gin Ala Asn Arg Leu Val Ala Mec Lys Glu Val Ala Thr Gly 

170 175 180 185 

aga aac cca aac aaq gal cct eta aag ctt ggg tac act ttt gay aqc 3990 
Arq Asn Pro A.m Lys Asp Pro Leu Lys Leu Gly Tyr Thr Phe Clu Scr 
190 195 200 



ate gcg caq Cta CLl qae ate aca eta ccg gta ggc cea ccc gqL qaq 40-38 
Ho Ala G.'ln Leu T.eu Asp Tie Thr Lea Pro Val ciy Pro Pro Gly Glu 
205 210 215 



55 



gat gac aaq eec tqq qtg cca etc aca aga gtg ccg tea egg atq ttq 



4086 
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Asp Asp Lys Pro Trp Va). Pro Leu Thr Arg Val Pro Ser Arq Met Leu 
220 225 230 

5 gtg ctg acg gga gac gta gat ggc gac ttt gag gtt gaa gat tac ctt 4134 

Vol Leu Thr Gly Asp Val Asp Gly Asp Phe Glu Val Glu Asp Tyr Leu 
235 240 245 

ccc aaa ate aac etc aag tea tea agt gga eta cca tat qta qgt cgc 4182 
10 Pro Lys lie Asn Leu Lys Ser Ser Ser Gly Leu Pro Tyr Val Gly Arg 

250 255 260 265 

acc aaa gga gag aca alt ggc gag atq ata get ata tea aac cag ttt 4230 

Thr Lys Gly Glu Thr lie Gly Glu Msr. Tie Ala lie Ser Asn Gin Phe 

270 215 280 

15 

etc aqa qag eta tea aca ctg ttg aag caa ggt gca ggq aca aaq qqg 4278 

Leu Arg Glu Leu Ser Thr Leu Leu Lys Gin Gly Ala Gly Thr Lys Gly 

285 290 ' 295 

20 tea aac aag aag aag eta etc aqc atg tta agt gac tat r.gg tac tta 4326 

Ser Asn Lys Lys Lys Leu Leu Ser Met Lou Ser Asp Tyr Trp Tyr Leu 
300 305 310 

tea cgc qqq ctt ttg ttt cca aag get gaa agg tac gac aaa age aca 4374 
Ser Cys Gly Leu Leu Phe Pro Lys Ala Glu Arg Tyr Asp Lys Ser Thr 
25 31 n 320 325 

tgg etc acc aag acc egg aac ata egg Lea qct cca tec cca aca cac 4422 

Trp Leu Thr Lys Thr Arg Asn lie Trp Ser Ala Pro Ser Pro Thr His 

330 335 340 345 

30 

etc acg acc ccc aig ate acc tgg ccc gtg atg tec aac age cca aac 4 4 70 

Leu Met lie Ser Met lie Thr Trp Pro Va7 Met Ser Asn Ser Pro Asn 
350 355 360 

aac gtg ttq aac att gaa ggg tgt cca tea ci;c Lac aaa tic aac ccg 4518 
35 Asn Val Leu Asn He Glu Gly Cys Pro Ser Leu Tyr Lys Phe Asn Pro 

365 370 375 

ttc aga gga ggg ttg aac agg ate gtc qag tgg ata ttg gec ccg gaa 4 566 
Phe Arg Giy Gly Leu Asn Arg lie Val Glu Trp Tie Leu Ala Pro Glu 
40 380 385 390 

qaa ccc aag get ctt gta tat gcg gac aac ata tac att qtc cac tea 4614 
Glu Pro Lys Ala Leu Val Tyr Ala Asp Asn He Tyr He Val His Scr 
395 400 405 

45 aac acg tgg tac tea att gac eta gag aag ggt gag gca aac tgc act 4 662 

Asn Thr Trp Tyr -Scr -He Asp Leu Glu Lys Gly Glu Ala Asn. Cys. .Thr . , 
410 415 420 42h 



50 



55 



cgc caa cac atg caa qce qca atg tac tac ata etc acc aga ggg tgg 4/10 
Arq Gin His Met Gin Ala Ala Met Tyr Tyr He Leu Thr Arg Gly Trp 
430 435 440 

tea gac aac ggc gac cca atq ttc aat caa aca tgg gec acc ttt gec 47:38 
Ser Asp Asn Gly Asp Pro Met Phc Asn Gin Thr Trp Ala Thr Phe Ala 
445 450 455 
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atg aac att gcc cct get eta gtg gtg gac cca ccg tgc ctg aca atg 1806 

Met Asn Tie Ala Pro Ala Leu Val Val Asp Ser Ser Cys Leu lie Met 
460 465 470 

aac ctg caa all aag acc tat ggt caa ggc age ggg aat gca gcc acg 4854 

Asn Leu Gin lie Lys Thr Tyr Cly Gin Gly Ser Gly Asn Ala Ala Thr 

475 480 485 

10 ttc ate aac aac cac etc ttg age acg eta gtg ctt qac caq tgg aac 4 902 

Phe He Asn Asn His Leu Leu Ser Thr Leu Val Leu Asp Gin Trp Asn 

4 90 4 9b 500 505 



75 



20 



25 



ttg atg aga caq ccc aga cca gac age gag gag etc aaa tea att gag 4 950 
Leu Met Arg Gin Pro Arg Pro Asp $er Glu Glu Phe Lys Ser lie Glu 
510 515 520 

gac aag eta ggt ate aac ttr. aag att gag agg tec att gat gat ate 4 998 

Asp T.ys f.eu Gly ile Asn Phe Lys He Glu Arg Ser lie Asp Asp lie 

525 530 535 

agg ggc aag ctg aga caq ctt gtc etc ctt gca caa cca ggg tac ctg 504 6 
Arg Gly Lys Leu Arg Gin Leu Val Leu Leu Ala Cln Pro Cly Tyr T.eu 
540 54 5 550 

agt ggg ggg gtt gaa cca gaa caa tec age cca act gtt gag etc gac 5091 

Ser Gly Giy VaJ CAu Pro Glu Gin Ser Ser Pro Thr Val Glu Leu Asjj 
555 560 565 

eta eta ggg tgg tea get aca tac age aaa qat etc gqg ate tat qlq 5142 

Leu Leu Gly Trp Ser Ala Thr Tyr Ser Lys Asp Lou Gly Tie Tyr Val 
30 570 575 500 585 

ccg gig ell gac aag qaa cgc eta ttt tgt tct get gcg tat ccc aag $190 

Pro Val Leu Asp Lys Glu Arg Leu Phe Cys Ser Ala Ala Tyr Pro Lys 
590 595 600 

gga gta gag aac aag agt etc aag tec aaa gtc ggg ate qag cag gca 5238 

Gly Val G.lu Asn Lys Ser Leu Lys Ser Lys Val Gly Ile Glu Gin Ala 

605 610 615 

tac aag gla gtc agg tat gaq qcg tta agg ttg gta ggt ggt tgg aac 5286 

40 Tyr Lys Val Val Arg Tyr Glu Ala Leo A eg Leu val Gly Gly Trp Asn 

620 625 630 

tac cca etc ctg aac aaa gcc tgc aag aat aac qca ggc gcc qct cqq 5334 

Tyr Pro Leu Leu Asn Lys Ala Cys Lys Asn Asn Ala Gly Ala Ala Arg ' 
45 - 63b - . 645 

egg cat ctg gag gcc aag ggg ttc cca etc gac gag ttc eta gcc qag 5382 

Arg His Leu Glu Ala Lys Gly L'he Pro Leu Asp Glu Phe Leu Ala Glu 
650 655 660 665 

so tgg tct gag ctg tea gag ttc ggt gag gcc ttc gaa ggc ttc aat ate 54 30 

Trp Ser Glu Leu Ser Glu Phe Gly Glu Ala Phe Glu Gly Phe Asn He 
670 675 * 6U0 

aag ctg acc gta aca tct gag age eta gcc gaa ctg aac aag cca gta 5470 

Lys Leu Thr Val Thr Ser Glu Ser Leu Ala Glu Leu Asn Lys Pro Val 

685 690 695 



35 
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ccc ccc aag ccc cca t gtc aac aga cca cjlc aac act ggg gga etc 

Pro Pro Lys Pro E'ro Asn Val Asn Arg Pro Val Asn Thr Gly Gly Leu 
700 705 710 

aag gca glc aqc aac qcc etc aag acc ggt egg tac agg aac gaa gec 

Lys Ala Vai Ser Asn Ala Leo Lys Thr Gly Arg Tyr Arg Asn Glu Ala 
715 720 725 

gga ctg agt ggt etc glc ctl eta gcc aca gca aqa aqc cgt ctg caa 

Gly Leu Ser Gly Leu Val Leu Leu Ala Thr Ala Arg Scr Arg Leu Gin 

730 735 7/30 " 745 

qat qca gtt aag gec aag gca gaa gcc gag a a a etc cac aag tee aag 

Asp Ala Val Lys Ala Lys Ala Glu Ala Glu Lys Leu His Lys Ser Lys 

750 755 760 

cca gac gac ccc gat gca gac tgg etc gaa aqa tea qaa act ctg tea 

Pro Asp Asp Pro Asp Ala Asp Trp Phe Giu Arg Scr Glu Thr Leu Ser 
765 ^770 ~ 775 

gac ctl ctg qaq aaa gcc gac ate gcc age aag gtc gee cac tea gca 

Asp Leu Leu Glu Lys Ala Asp lie Ala Ser Lys Val Ala Hi.s Ser Al.a 
700 " * 785 790 

etc gtg gaa aea age gac gcc ctt gaa gca gl l cag Leg aci tec gtg 

Leu Val CJu Thr Ser Asp Ala Leu Glu Ala Val Gin Ser Thr Ser Val 
795 800 80!) 

tae acc ccc aag Cac cca gaa glc aaq aac cca cag acc gcc tec aac 

Tyr Thr i'ro Lys Tyr Pro Glu Val Lyr, Ann Pro Gin Thr Ala Ser Ann 

810 816 820 825 

coy gtt qtt ggg etc cac ctg ccc gcc aag agg gec ace ggt gtc cag 

Pro Val Val Giy Leu His Leu Pro Ala Lys Arg Ala Thr Gly Val Gin 

830 835 840 

gcc get ctr. etc gga gca gga acy aye aga cca atq qqq atq qaq qcc 

Ala Ala Leu Leu Gly Ala Gly Thr Ser Arg Pro Mot Gly Met Glu Ala 
845 850 855 

cca aca egg tec aaq aac gcc gtg aaa atg gee aaa egg egg caa cgc 

Pro Thr Arg Ser Lys Asn Ala Val l>y$ Met Ala Lys Arq Arq Gin Arg 
060 865 870 

caa aag gag age cgc caa tag ecatqaqgeq gccctgatgc atagcatgeg 
Gin Lys Glu Ser Arg Gin 

875 . 



gtacegggag 


atgggggagg 


ctaactgaaa 


cacqqaagya 


gacaataccg 


qaaqqaaccc 


gegctatgae 


ggcaataaaa 


agooagoata 


aaacgcacqg 


glgLLqqgLc 


qtUqctcat 


aaacgcgggg 


ttcggtcccn 


gggctggcac 


tctgtcqata 


ccccaccgag 


aecccaccgg 


gaccaatacg 


eeegcgtttc 


ttccttttcc 


ccaccccaac 


ccceaaqi. lc 


gggigaaggc 


ccagggctcg 


cagecaacgt 


eggggeggea 


agcccigeca 


LaqccacLao 


gggiacgiag 


gccaaccact 


agaaetatag 


ctagagccct 


gggcyaacaa 


acqatqetcy 


ccLLccayaa 
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aaccgaggat gcqaaccact teatccgggg 
gaggtctacc gatctcclqa aqecagggca 
acagcaaggc cgccaatgcc cgacgatqcq 
gccaggacag aantgcct eg acttcgclgc 
ggaaacqqat gaaggcacga acccagttga 
geaagtageg tatyegetea cgcaactggt 
aeggegcagt ggcggiAtlc atggcttgtt 
qggcatccaa gcagca.igcg cgLlacgccg 
acgatqttac gcagcagcaa cgar.gttaog 
ggtggctcaa gtatgqqcat cattcgcaca 
atgcgggcr.g ctcttgatct Utcqqtcqt 
catcagccgg actccgatta cctcgggnac 
gctgccttcg accaaqaaqc ggttgttggc 
gagcagccgc gtagtgagac cUlalcbat 
cagggcattg ccaccgcgct catcaatctc 
caigigaict acqtgeaage agattaeggt 
ttgggcatac gggaagaagi qatqeacttt 
ttcgttcaag ccgagategg cttcccggcc 
cgegaatata qtctttacca tgcccttggc 
gcacctcaga aaatgaaqaq tttqetttag 
agcataactg gaclgaillc aytttacaac 
tagtttagat cfcar.r.r.r.gr.r. cagLllaaga 
qqgeatccat ttattactc.i nccgtaaccg 
tgtgaaatac cqcacagatg cgtaaggaga 
tcgctcaclq actcqctgcg cteggtegtt 
aaggcggtaa lacqqttatc cacagaatca 
aaaggccaqc aaaaqqccag gaaccgtaaa 
ctccgccccc eiqacqagca tcacaaaaat 
acaggaciaL aaaqatacca ggcgtttccc 
ccgaccctgc cgciLaCcqy atacctgtcc 



tcagcaccic cggcaagcgc cgcgocggcc 64 77 

gatcegtgea cagcaccttg ccgtagaag.i 6b37 

tggagaccga aaccttgcgc tcgttcgcca 6597 

Lgoccaaqgt tgccgggtga cgcacaccgt 6657 

cataagectg ttcggttcgt aaactgtaat 6717 

ccagaacctt. gaccgaacgc agcggtggta 6777 

atgactgttt ttttgtacag tctatgcctc 6837 

tgggtcqatq tttgatgtta tggagcagca 69 97 

cagcagggca gtcyccctaa aacaaaqtta 6957 

tgtaggctcg gccctgacca agccaaatcc 7017 

gagtteggag acgtagccac ctactcccaa 7077 

ttgetccgia glaaqacatt catcqcqctu 7137 

gctctcgcgg ettaegttet gcccaggttt 7197 

gatctegcag tctccggcga geaceggagg 72h7 

CLcaaqcalq aqqccaacgc gcttggtgct 7317 

gacgatcccg cagcggcict ccaiacaaag 7377 

gatatcgacc c.iagtaccgc cacct.aacao 74 37 

gcggagttgt tcqqtaaatt gtcacaacqc 74 97 

cacgcccctc itlaaiacga egggcaaitt 7557 

ccataaeaaa agtccagtat gctttttcac 7617 

tattctgtct agtttaagac tttattgtca 7677 

ctttattgtc cgcccacacc cgcttacgca 7737 

a L t t t gecaq qttacgcgqc tgqtctqcqq 7797 

aaar.accgca ccaggcgctc tcccgcttec 7857 

cggcr.gcggc gageggtate agctcactca 7917 

ggggataocg caggoaagaa cotgtgogca 7977 

aaggccgcgt tgctggcgtt tttccatagg 8037 

cgacgctcoo gtcagaggtg gcgaaacccg 0097 

cctggaagct ccctcgcgcg ctctcctgtt 0157 

gccttt.ct.ee ettegggaag cgtggcgctt B217 
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tctcaatgct cacgctgtag gtatctcagt 
tgtgtgcacg aaccccccgt tcagcccgac 
gagtccaacc cqqLaagaca cgacttatcg 
agcagagcga ggiatgiagg cggugciaea 
tocactogaa ggacagtatt tggtatctgc 
agagttggta gctcttgntc cggcaaacaa 
tgcaagcagc agattacgcg cagaaaaaaa 
acggggtctq acqctcaqtq qaacqaaaac 
tcaaaaagga tctxcaccta gatcccccca 
agtatatatg agtaaacttg gtctgacagt 
tcaqcqatct gtctatttcg ttcatccata 
acgatacggg agggcutacc atciggcccc 
r.caccggctc cagar.r.tatc ogcoataaac 
ggtcctgcaa ctttatccgc ctccatccag 
agtagttcgc caqctaatag utqcqcaac 
tcacgctcgt cgtttggtat ggcttcottc 
acatgatccc ccatgttgtg caaaaaagcg 
agaaglaaql Lqqccgcayt qttatcactc 
actgtcetgc catccgtaag atgcttltct 
tgagaatagt gtatgcggcg accgagttgc 
qcqccacata qcaqaacttt aaaaqtqctc 
vlctcaagga tettaccxjct gttgagatcc 
igatctlcag eaicLtiuac tucaccagc 
aatgcrgcaa riaaaggganr. aagggcgaca 
tttcaatar.t attgaagcat ttatcagggr. 
tgtatttaga aaaataaaca aataggggtt 
gaaattgtaa acgttaatat tttgttaaaa 
ttttttaacc aataggccga aatcggcaaa 
atagggttga gtgttgttcc agtttggaac 
aacgtcaaag ggcgaaaaac cgtctatcag 
taatcaagtt ttttggggtc gaggtgccgt 



tcggtgtagg 


tcgttcgctc 


coagctgggc 


8277 


cgctgcgcct 


tatccggtaa 


ctatcgtctt 


8337 


ccactggcag 


cagccactgg 


taacaqqail 


8397 


gaqt tcttqa 


aqtcjqtqqcc 


taaeiacggc 


8457 


gcccigeiga 


agccagLLac 


cLLcggaaaa 


8517 


accaccgctg 


gtagcggtgg 


tttttttgtt 


9577 


ggatctcaag 


aagatccttt 


gatcttttct 


8637 


tcacgttaag 


ggattttggt 


catqaqatta 


8697 


aattaaaaai 


yaagtltuaa 


aicaatecaa 


8757 


taccaatgct 


r.aatcagtga 


ggcacctatc 


8817 


gttgcctgac 


tccccgtcgt 


gtagataact 


8877 


aqtgctqcaa 


tqataccqcq 


aqacccacgc 


0937 


cagccagccg 


gaagggccga 


gcgcogaogt. 


8997 


tctattaatt 


gttgccggga 


agctagagta 


9057 


qilgilqcea 


tiqctacaqg 


caicgtggcg 


9117 


agctccggtt 


cccaacgatc 


aoggcgagtt: 


9177 


gttagctcct 


tcggtcctcc 


gatcgttgtc 


9237 


atqqttatgg 


cagcactgca 


taattctcLL 


9297 


glgaclgyUj 


aglaeieaac 


caagtcattc 


9357 


tcttgcccgg 


cgccaanacg 


ggataatacc 


941/ 


atcattggaa 


aacgttcttc 


qqqqcqaaaa 


9477 


aqttcqatqt 


aacccactcg 


tgcacccaac 


9537 


tjtttctgggc 


gag<;aaaaac 


aggaaggcaa 


9597 


cggaaacgcc 


gaacactcar. 


acr.cr.i-.cctt 


9657 


r.ritcgtctca 


tgagcggata 


catatttgaa 


9717 


crgcgcacnt 


ttccccgaaa 


agtgccacct 


9777 


ttcgcgttaa 


atttttgtta 


aatcagctca 


9837 


at erect tat a 


aatcaaaaga 


atagaccgag 


9897 


aagagtccac 


tattaaagaa 


cgtggactcc 


9957 


ggcgatggcc 


cactacgtga 


accatcaccc 


10017 


aangractao 


atcggaaccc 


taaagggagc 


10077 
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ecccgattto gagctiqacq 


gggaaagccg 


gcgaacgtgg 


Cqagaaagga 


agggaagaaa 


10137 




gcgaaaggag cgggcgctag 


qqcgctggca 


ngtgtagcgg 


leaegctqcg 


cgtaaccacc 


10197 


5 


acacccgccg cgcttaatgc 


gccgetacag 


ggcgcgtcce 


attcgccatt 


caggctqcaa 


10257 




aiaaycqttg atattcagtc 


aatlaeaaac attaataacg 


aagagatgac 


agaaaaattt 


10317 


10 


tcattcLgtg acagagaaaa 


agtagccgaa 


gatqacqgtt 


tgtcacatgg 


agtcggcagg 


10377 


atgtttgatt aaaaacataa 


caggaagaaa 


aatgccucgc 


tqtqqqcgga 


caaaatagtt 


10437 




qgqaactggg aggggtggaa 


atggagtttt 


taaggattat 


Itagygaaqa 


qtqacaaaat 


10497 


15 


agatgqqaac tgggtgtagc. 


gtcgtaagct 


aatacgaaaa 


ttaaaaatga 


caaaatagtt 


10557 




r.ggaactaya tttcacttat 


ctggr.r.cgga 


tctcctaggc 


tcaagcagtg 


atcngotcca 


10617 




gacatgataa gaiacattqa 


tgagtttgga 


coaaccacaa 


ctagaatgca 


gtgaaaaaaa 


10677 


20 


tgctttattt gtgaaotttg 


tgatqctatt 


gctttotttg 


taaccaltat 


aagctgcaat 


10737 




ri a«i ca.AO t acaacaacaa 


ttgcottcat 


LUatgtttc 










gaggtttttt aaagcaaqla 


aaacctctno 


aaatgtggia 


tggctgatta 


tgatcctcta 


1085)7 


25 


gtacttctcg acangcttgt 


cqaqactgca 


ggctctogat 


tcgaaagcgg 


cc 


10909 



40 



<210> 2 

<JM1> 879 

30 <212> PKT 

<213> Artificial sequence 

<220> 

<223> IBDV VPl protein 

35 <400> 2 

Met Sar Asp Val Phe Asn Ser Pro Gin Ala Arg Ser Thr lie Ser Ala 
1 5 10 15 

Ala Phe Gly He Lys Pro Thr Ala C3y Gin Asp Val Giu Glu Leu Leu 
20 25 30 

He Pro Lys Val Trp Val Pro Pro Glu Asp Pro Lou Ala Ser Pro Ser 
3b 40 45 

Arg Leu Ala Lys Phe Leu Arg Glu Asn Gly Tyr T,ys Val Leu Gin i'ro 
50 55 * 60 

Arg Ser Leu Pro Glu Asn Glu Glu Tyr Glu Thr Asp Gin He Leu Pro 
65 70 75 00 

so Asp Leu Ala Trp Met Arg Gin lie Glu Gly Ala Val Leu Lys Pro Thr 

85 90 95 

Lot] Ser Leu Pro He Gly Asp Gin Glu Tyr Phe Pro Lys Tyr Tyr Pro 
100 105 ~ U0 



45 



55 
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Thr His Arg Pro Ser Lys Clu Lys Pro Asn Ala Tyr Pro Pro Asp He 
115 120 125 

Ala Leu Leu Lys Gin Met He Tyr Leu Pho Leu Gin Val Pro Glu Ala 

130 135 140 



w 



Asn Glu Gly Lou Lys Asp Glu Val Thr Leu Leu Thr Gin Asn He Arg 
I* 5 150 155 160 

Asp Lys Ala Tyr Gly Ser Gly Thr Tyr Met Gly Gin Ala Asn Arg Leu 
165 170 175 



15 



20 



Val Ala Met; Lys Glu Val Ala Thr Gly Arq Asn Pro Asn Lys Asp Pro 

180 185 190 

Leu Lys Leu Gly Tyr Thr Phe Glu Ser He Ala Gin Lru Leu A$p He 
195 200 205 

Thr Lru Pro Val Gly Pro Pro Gl.y Glu Asp Asp Lys Pro Trp Val Pro 
210 215 220 

Lou Thr Arq Val Pro Sor Arg Met Leu Val Lou Thr Gly Asp Val Asp 
225 230 235 * 240 



25 



Gly Asp Phe Glu Val Glu Asp Tyr Leu Pro Lys He Asn Leu Lys Ser 
245 250 255 



Sor Ser Gly Leu Pro Tyr Vol Gly Arg Thr Lys Cly Glu Thr He Gly 
260 265 * 270 



30 



Glu Met He Ala lie Sor Asn Gin Phe Leu Arg Clu Leu Ser Thr Leu 
275 280 " 285 



Leu Lys Gin Gly Ala Cly Thr Lys Gly Ser Asn Lys Lys Lys Leu Leu 
290 295 300 



35 



Ser Met Leu Ser Asp Tyr Trp Tyr Leu Ser Cys Gly Leu Leu Phe Pro 
305 310 315 320 



Lys Ala Glu Arg Tyr Asp Lys Ser Thr Trp Leu Thr Lys Thr Arg Asn 
325 330 335 



40 



lie Trp Ser Ala Pro Ser Pro Thr His Len MeL lie Ser Met He Thr 
•340 345 350 



Trp Pro VaJ Met Ser Asn Ser Pro Asn Asn Val Leu Asn Ho Clu Gly 
355 360 365 



45 



Cys Pro. Ser Leu. Tyr. iys Phe Asn Pro Phe Arg GJy Cly Leu Asn Arc 
370 375 380 



50 



He Val Glu Trp Ho Leu Ala Pro Glu Glu Pro Lys Ala Leu Val Tyr 

385 390 395 400 

Ala Asp Asn He Tyr He Val His Ser Asn Thr Trp Tyr Ser TJ.e Asp 

40b 410 415 



Leu Glu Lys Gly Glu Ala Asn Cys Thr Arg Gin His Met Gin Ala Ala 
120 425 430 
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Mot. Tyr Tyr He Leu Thr Arg Gly Trp Ser Asp Asn Gly Asp Pro Met 
435 440 445 



Phe Asn Gin Thr Trp Ala Thr Phe Ala Met Ann lie Ala Pro Ala Leu 
150 455 460 



10 



Val Val Asp Ser Ser Cys Leu He Mat Asn Leu Gin He Lys Thr Tyr 
465 470 475 480 

Gly Gin Gly Ser Gly Asn Ala Ala Thr Phe He Asn Asn His Leu Leu 



48!. 



490 



49f! 



15 



Ser Thr Leu Val Leu Asp Gin Trp Asn Leu Met Arq Gin Pro Arq Pro 
500 505 ' 510 



Asp Ser Glu Giu Phe Lys Ser He Glu Asp Lys Leu Gly He Asn Phe 
515 520 525 



20 



Lys He Glu Arg Scr lift Asp Asp He Arg Gly Lys Leu Arg Gin Leu 
530 535 540 



Val Leu Leu Ala Gin Pro CI y Tyr Leu Ser Gly Gly Val Giu Pro Glu 
645 550 555 560 



25 



Gin Ser Ser Pro Thr Val Glu Leu Asp Leu Leu Gly Trp Scr Ala Thr 
565 570 ** 575 



Tyr Ser Lys Asp Leu Cly Tie Tyr Val Pro Val Leu Asp Lys Glu Arg 
500 586 590 



30 



Leu Phe Cys f>or Alo Ala Tyr Pro Lys Gly Val Glu Asn Lys Ssr T.eu 
595 600 ~ 605 



Lys Scr Lyr. Vn I Cly He Glu Gin Ala Tyr Lyr> Val Val Arg Tyr Clu 
610 615 620 



35 



Ala Leu Arg T.eu Val Gly Gly Trp Asn Tyr Pro Leu Leu Asn Lys Ala 
625 630 635 640 



Cys Lyr; Asn Asn Ala Gly Ala Ala Arg Arg His Leu Glu Ala Lys Gly 
645 650 655 



40 



Phe Pro Leu Asp Glu Phe Leu Ala Clu Trp Ser Glu Leu Ser Glu Phe 
660 665 670 



45 



Gly Glu Ala Phe Glu Gly Phe Asn Tie Lys Leu Thr Val Thr Ser Glu 

67b 680 685 

Ser Leu Ala Glu Leu Asn Lys t\ro Val Pro Pro Lys Pro Pro Asn Val 

690 696 700 



50 



Asn Arg Pro Val Asn Thr Gly Gly Leu T.ys Ala Val Ser Asn Ala Leu 

705 710 715 720 

Lys Thr Gly Arg Tyr Arg Asn Glu Ala Gly Leu Scr Gly Leu Val Leu 

725 730 735 



55 



F.gu AJa Thr Ala Arq Ser Arg Lou Gin Asp Ala Val Lys Ala Lys Ala 
740 745 750 
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Glu Ala Glu Lys Leu His Lys Ser Lys Pro Asp Asp Pro Asp Ala Asp 
755 760 765 



Trp Phe Glu Arg Scr G.lu Thr Leu Ser Asp Leu Leu Clu T.ys Ala Asp 
770 , 775 780 

lie Ala Scr T.ys Val Ala His Ser Ala Leu Val Glu Thr Ser Asp Ala 
78* 790 795 800 

Leu Glu Alo Val Gin Ser Thr Scr Val Tyr Thr Pro Lys Tyr Pro Glu 
805 810 815 

Val Lys Asn Pro Gin Thr Ala Scr A$r\ Pro Val Val Gly Leu His Leu 
820 825 830 

Pro Alo T.ys Arg Ala Thr Gly Val Gin Ala Ala Leu Leu Gly Ala Gly 
835 840 845 

Thr Ser Arg Pro Met Gly Met 03 u Ala Pro Thr Arg Scr Lys Asn Ala 
850 055 860 

Val T.ys Met Ala Lys Arg Arg Gin Arg Gin Lys Glu Scr Arg Gin 
865 870 875 



<210> 3 

<211> 13 

<717> PRT 

<213> Infectious bursal disease virus (IRDV) 

«M00> 3 

GLy Arg Trp lie Arg Thr Val Sc?r Asp Glu Asp Leu Glu 
1 5 10 



<210> 4 
<211> 37 
<?A2> DNA 

<213> Artificial sequence 

<223> 5' primer oligonucleotide used for generating the different 
deletion mutants of the terminal carbo*y end of His-VP3 in 
combination with SEQ. ID. NO: 5, SEQ. ID. NO: 6, SEQ. ID. NO: 
SEQ. ID. NO: 8 rind SRQ. ID. NO: 9, respective! y 

<4 00> 4 

gggggaatr.c atgocatcau aqttcaaaga g^ccccc . 37 

<210> 5 
<211> 31 
<212> DNA 

<213> Artificinl sequence 

<223> 3' primer oligonucleotide used for generating His-VP3A248-257 
mucanl in combination with SEQ. ID. NO: 4 



EP1 621 612 A1 



<400> 5 

cgcgggtacc ttaccogcgg cccagccqae c 31 



<210> 6 
<211> 33 
<212> UNA 
10 <213> Artifini.nl sequence 

<223> 3' primer oligonucleotide used for generating His-VP3A243-257 
mutant in combinalion with Sh"Q. ID. NO: 4 

15 <400> 6 

cgcgggtacc. ttaaccaggg ygtctctgtg ttq 33 



<210> 7 
<211> 33 
<212> DNA 

<213> Artificial sequence 

<223> 3' primer oligonucleotide used for generating His-VP3AZ3U-257 
mutant in combination wilh SKQ. ID. NO: 4 

<400> 7 

cgcgggtacc ttfltgttggd gcaiLggylt ttg 33 



30 <210> 3 

<211> 31 
<212> UNA 

<213> Artificial sequence 



<223> 3' primer oligonucleotide used for generating Hi S-VP3A233-257 
mutant in combination with SEQ. ID. NO: 4 

<400> 8 

cgcgggtacc ttattttggc ttgggctltg g 31 



<210> 9 
<2U> 31 
<212> DNA 

<213> Arti f idol sequence 

<223> 3' primer oligonucleotide used lor generating His-VP3A228-257 
mutant in combination with SEQ. ID. NO: 4 

<400> 9 

cgcgggtacc ttatggtaga gcccgcctgg g 31 



55 
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Claims 

1. A gene construct comprising (i) a nucleotide sequence comprising the open reading frames corresponding to the 
polyprotein of the infectious bursal disease virus (1 BDV) operatively bound to a nucleotide sequence comprising a 
first promoter and (ii) a nucleotide sequence comprising the open reading frame corresponding to the IBDV VP1 
protein operatively bound to a nucleotide sequence comprising a second promoter, wherein said first promoter is 
different from said second promoter. 

2. A gene construct according to claim 1 , wherein said first promoter is a viral promoter and said second promoter is 
a viral promoter different from said first promoter. 

3. A gene construct according to claim 1 or 2, comprising: 

(i) a nucleotide sequence comprising the open reading frames corresponding to the polyprotein IBDV operatively 
bound to a nucleotide sequence comprising a first promoter of a baculovirus, and 

(ii) a nucleotide sequence comprising the open reading frame corresponding to the IBDV VP1 protein operatively 
bound to a nucleotide sequence comprising a second promoter of a baculovirus, 

wherein said first baculovirus promoter is different from said second baculovirus promoter. 

4. A gene construct according to claim 3, wherein said first baculovirus promoter is selected from the promoter of the 
p10 protein of the baculovirus Autographs cafifornica nucleopolyhedrovirus (AcMNV) and the promoter of the pol- 
yhedrin of the baculovirus AcMNPV. 

5. A gene construct according to claim 3, wherein said second baculovirus promoter is selected from the promoter of 
the AcMNPV p1 0 protein and the promoter of the AcMNPV polyhedrin. 

6. A gene construct according to claim 3, wherein said first baculovirus promoter is the promoter of the AcMNPV p1 0 
protein and said second baculovirus promoter is the promoter of the AcMNPV polyhedrin; or wherein said first 
baculovirus promoter is the promoter of the AcMNPV polyhedrin and said second baculovirus promoter is the 
promoter of the AcMNPV p1 0 protein. 

7. A gene construct according to any of claims 1 to 6, comprising the nucleotide sequence identified as SEQ. ID. NO: 1 . 

8. An expression system selected from: 

a) an expression system comprising a gene construct according to any of claims 1 to 7, operatively bound to 
transcription, and optionally translation, control elements; and 

b) an expression system comprising (1 ) a first gene construct, operatively bound to transcription, and optionally 
translation, control elements, wherein said first gene construct comprises a nucleotide sequence comprising 
the open reading frames corresponding to the IBDV polyprotein operatively bound to a nucleotide sequence 
comprising a first promoter, and (2) a second gene construct, operatively bound to transcription, and optionally 
translation, control elements, wherein said second gene construct comprises a nucleotide sequence comprising 
the open reading frame corresponding to the IBDV VP1 protein operatively bound to a nucleotide sequence 
comprising a second promoter. 

9. An expression system according to claim 8, comprising a gene construct, operatively bound to transcription, and 
optionally translation, control elements, wherein said gene construct comprises (i) a nucleotide sequence comprising 
the open reading frames corresponding to the IBDV polyprotein operatively bound to a nucleotide sequence com- 
prising a first baculovirus promoter and (ii) a nucleotide sequence comprising the open reading frame corresponding 
to the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a second baculovirus promoter, 
wherein said first baculovirus promoter is different from said second baculovirus promoter. 

10. An expression system according to claim 8, comprising (1 ) a first gene construct, operatively bound to transcription, 
and optionally translation, control elements, said first gene construct comprising a nucleotide sequence comprising 
the open reading frames corresponding to the IBDV polyprotein operatively bound to a nucleotide sequence com- 
prising afirst baculovirus promoter, and (2) a second gene construct, operatively bound to transcription, andoptionally 
translation, control elements, said second gene construct comprising a nucleotide sequence comprising the open 
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reading frame corresponding to the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a 
second baculovirus promoter. 

11. An expression system according to claim 10, wherein said first baculovirus promoter and said second baculovirus 
5 promoter are equal to or different from one another. 

12. An expression system according to any of claims 8 to 11 , selected from plasmids, bacmids, yeast artificial chromo- 
somes (YACs), bacteria artificial chromosomes (BACs), P1 bacteriophage-based artificial chromosomes (PACs), 
cosmids and viruses, which can optionally contain a heterologous replication origin. 

10 

13. A host cell containing a gene construct according to any of claims 1 to 7, or an expression system according to any 
of claims 8 to 12. 

14. A cell transformed, transfected or infected with an expression system according to any of claims 8 to 12. 

15 

15. A cell according to either of claims 13 or 14, selected from animal cells and bacteria. 

16. A cell according to claim 15, characterized in that it is the bacteria identified as DH5-pFBD/Poly-VP1 which is 
deposited in the CECT with deposit number CECT 5777. 

20 

17. A cell according to claim 15, selected from insect cells, bird cells and mammal cells. 

18. A dual recombinant baculovirus simultaneously expressing the IBDV polyprotein and the IBDV VP1 protein from (i) 
a nucleotide sequence comprisingthe open readingframes corresponding to the IBDV polyprotein operatively bound 

25 to a nucleotide sequence comprising a first baculovirus promoter, and from (ii) a nucleotide sequence comprising 

the open reading frame corresponding to the IBDV VP1 protein operatively bound to a nucleotide sequence com- 
prising a second baculovirus promoter, wherein said first baculovirus promoter is different from said second bacu- 
lovirus promoter. 

so 1 9. The use of an expression system according to any of claims 8 to 1 2, or of a dual recombinant baculovims according 
to claim 17, for the production of whole empty viral capsids of IBDV. 

20. A process for the production of whole empty viral capsids of the infectious bursal disease virus (IBDV) [whole IBDV 
VLPs] comprising curturing a host cell according to any of claims 13 to 17, and if desired, recovering said whole 

35 IBDV VLPs. 

21 . A process according to claim 20, wherein said host cell is a cell transformed, transfected or infected with an expression 
system comprising a gene construct comprising (i) a nucleotide sequence comprising the open reading frames 
corresponding to said IBDV polyprotein operatively bound to a nucleotide sequence comprising a first promoter and 

40 (ii) a nucleotide sequence comprising the open reading frame corresponding to said IBDV VP1 protein operatively 

bound to a nucleotide sequence comprising a second promoter, wherein said first promoter is different from said 
first promoter. 

22. A process according to claim 20, wherein said host cell is a cell transformed, transfected or infected with an exp ression 
45 system comprising a gene-construct comprising (1) a first gene construct comprising a nucleotide sequence com- 
prising the open reading frames corresponding to said IBDV polyprotein and (2) a second gene construct comprising 
a nucleotide sequence comprising the open reading frame corresponding to said 1BDV VP1 protein, each one of 
said nucleotide sequences comprising the ORFS corresponding to the viral polyprotein and to the IBDV VP1 protein 
being under the control of respective nucleotide sequences comprising respective promoters, equal to or different 

50 from one another. 

23. A process according to either of claims 21 or 22, wherein said host cell is an insect cell. 

24. A process according to claim 20, wherein said host cell is an insect cell, comprising the steps of: 

55 

a) preparing an expression system made up of a dual recombinant baculovirus comprising a gene construct 
comprising (i) a nucleotide sequence comprising the open reading frames corresponding to the IBDV polyprotein 
operatively bound to a nucleotide sequence comprising a first baculovirus promoter, said gene construct being 
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operatively bound to transcription, and optionally translation, control elements, and (ii) a nucleotide sequence 
comprising the open reading frame corresponding to the IBDV VP1 protein operatively bound to a nucleotide 
sequence comprising a second baculovirus promoter, said gene construct being operatively bound to transcrip- 
tion, and optionally translation, control elements, wherein said baculovirus promoter is different from said second 
baculovirus promoter; 

b) infecting insect cells with said expression system prepared in step a); 

c) culturing the infected insect cells obtained in step b) under conditions allowing the expression of the recom- 
binant proteins and their assembly to form whole IBDV VLPs; and 

d) if desired, isolating and optionally purifying said whole IBDV VLPs. 

25. A process according to claim 20, wherein said host cell is an insect cell, comprising the steps of: 

a) preparing an expression system made up of (1) a first recombinant baculovirus comprising a gene construct 
comprising a nucleotide sequence comprising the open reading frames corresponding to the IBDV polyprotein 
operatively bound to a baculovirus promoter, said gene construct being operatively bound to transcription, and 
optionally translation, control elements, andof (2) asecondrecombinantbaculovirus comprising a gene construct 
comprising a nucleotide sequence comprising the open reading frame corresponding to the IBDV VP1 protein 
operatively bound to a promoter of a baculovirus, said gene construct being operatively bound to transcription, 
and optionally translation, control elements; 

b) infecting insect cells with said expression system prepared in step a); 

c) culturing the infected insect cells obtained in step b) under conditions allowing the expression of the recom- 
binant proteins and their assembly to form whole IBDV VLPs; and 

d) if desired, isolating and optionally purifying said whole TBDV VLPs. 

Whole empty capsids of the infectious bursal disease virus (IBDV) [whole IBDV VLPs], obtained according to the 
process of any of claims 20 to 25. 

Whole empty capsids of the infectious bursal disease virus (IBDV) [whole IBDV VLPs], characterized by containing 
the VPX, VP2, VP3 and VP1 proteins of IBDV. 

The use of whole empty capsids of the infectious bursal disease virus (IBDV) [whole IBDV VLPs], according to either 
of claims 26 or 27, in the manufacture of a medicament. 

The use according to claim 28, wherein said medicament is a vaccine against the avian disease called infectious 
bursal disease. 



5 



30. The use according to claim 28, wherein said medicament is a gene therapy vector, 

31. A vaccine comprising a therapeutically effective amount of whole empty capsids of IBDV [whole IBDV VLPs], ac- 
cording to either of claims 26 or 27, optionally combined with one or more pharmaceutically acceptable adjuvants 
and/or vehicles. 

32. A vaccine according to claim 31, for protecting birds from the infection caused by IBDV. 

33. A vaccine according to claim 32, wherein said birds are selected from the group formed by chickens, turkeys, geese, 
ganders, pheasants, partridges and ostriches. 

34. A vaccine for protecting chickens from the infection caused by the infectious bursal disease virus (IBDV), comprising 
a therapeutically effective amount of whole empty capsids of IBDV, whole IBDV VLPs, according to either of claims 
26 or 27, optionally combined with one or more pharmaceutically acceptable adjuvants and/or vehicles. 

35. A process for obtaining a dual recombinant baculovirus allowing the simultaneous expression in insect cells of the 
polyprotein of the infectious bursal disease virus (IBDV) and of the IBDV VP 1 protein from two independent open 
reading frames and each one of them controlled by a different baculovirus promoter, comprising: 

a) constructing a plasmid carrying a gene construct containing (i) a nucleotide sequence comprising the open 
reading frames corresponding to the IBDV polyprotein operatively bound to a nucleotide sequence comprising 
afirst promoter of a baculovirus, and (ii) a nucleotide seq uence comprising the open reading frame corresponding 



EP1 621 612 A1 



to the IBDV VP1 protein operativefy bound to a nucleotide sequence comprising a second promoter of a bac- 
ulovirus, wherein said first baculovirus promoter is different from said second baculovirus promoter; 

b) obtaining a recombinant bacmid, allowing the simultaneous expression during its replicative cycle of the 
polyproteln and the IBDV VP1 protein under transcriptional control of said baculovirus promoters, by means of 
the transformation of competent bacteria with the plasmid obtained in a); and 

c) obtaining a dual recombinant baculovirus, allowing the simultaneous expression of the open reading frames 
corresponding to the polyprotein and the IBDV VP1 protein under transcriptional control of said baculovirus 
promoters, by means of transformation of insect cells with the recombinant bacmid of b). 

36. A process according to claim 35, wherein: 

- said first baculovirus promoter is the promoter of the AcM NV p1 0 protein and said second baculovirus promoter 
is the promoter of the AcMNPV polyhedrin, or vice versa; 

- the plasmid obtained in a) is the one identified as pFBD/Poly-VP1; 

- the competent bacteria of b) are E coii DH1 OBac; 

- the recombinant bacmid obtained in b) is the one identified as Bac/pFBD/Poly-VP1; and 

- the recombinant baculovirus obtained is the one identified as FBD/Poly-VP1 . 

37. A process according to claim 35 or 36, further comprising the infection of insect cells with the dual recombinant 
baculovirus obtained in step c). 

38. A process according to claim 37, wherein said insect cells are H5 or Spodoptera frugiperda S1 9 cells. 
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